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NOTICE. 


Electeicity is tlie brancli of Natural Pliilosopliy most closely 
allied to Chemistry. Hence, although in the order of study 
Chemistry comes after Natural Philosophy, a certain acquaint¬ 
ance with the primary facts of Chemistry will be of use in 


fa^tating the comprehension of some portions of the present 
subject, particularly Voltaic Electricity. Before entering upon 
that department, the teacher will find it advantageous to state, 
and illustrate by a few familiar examples, the nature of chemical 
combination and decomposition, and to distingtxish these from 
mixtures and separations that are not chemical. The leading 
properties of cliemical union are the fixed proportions of the 
combining substances, the giving out of heat (as in burning), and 
the total difference between the resulting compound and either 
of the individuals in their whole aspect and properties. Thus a 


certain weight of sulpliur, combining with a fixed proportion of 
copper filings, will produce heat while the union is going on, mid 
will turn into a black substance in which ncitlicr copper nor 
sulphur could be recognised, and which could not serve any one 
of the special purposes of either. 

In this, as in the preceding Treatises, great pains liave been 
taken’ to render tlie arrangement as perspicuous, and the lan¬ 
guage as simple and intelligible, as the sidycct would allow. 


London^ Novemher 1B48. 


Alex. Bain. 



CONTENTS. 


Of Polar Forces in General, 


I. STAtICAIi ELECTBICiry. 

Magnetism— 

i ijiws of Magnetic Phenomena, 
dagnets, - - - . - 

jMagnetiam of the Eartli, - - - 

Magnetic Instruments, - - - 

The Magnetic Fluids, , - - 

Frictional or Tension Electricity, 


Conductors and Insulators, - 
The Electrical Machine, 
Electroscopes and Electrometers, 
Induction, 

The Discharge, 

Atmospheric Electricity, 

►Sources of Electricity, 


II. current electricity. 

Voltaic Electricity, . - - 

Voltaic Circles and Batteries, 
ijUFects of Voltaic Electricity, 

Applications of the Voltaic Current, 

IflLECTllO-MAGNETISM, - « - - 

Eiccfcro-iMagnetic Machines, 

Magneto-Electricity, « - - 

Tiikrmo-Klectricity, 

Animal Electricity, - - - - 

Animal Magnetism, 


PAGB 

7 


. 10 
H 

- 18 
20 

- 22 
28 

. 26 
30 

36 

37 

- 47 

50 

• 53 


- 57 
60 
70 
75 

. 79 

86 

91 

95 

- 100 
105 



E L E C T RICIT Y; 


OF .POLAK POKCES IN GENEKAL. 

1 • Thb force t)f gravity is always of one Itindj and is tlie 
fsame on all sides of a gravitating mass. The earth, as a heavy 
l>ody5 attracts all other heavy bodies, whatever be their shape 
ov position. Constant and nnremitted attraction is the pecu¬ 
liarity of this force. In like manner, the ordinary appear- 
sinces of cohesion and capillary attraction are uniform under 
all arrangements of the particles or surfaces in contact. One 
drop of water is seen to attract another drop, a plate of glass 
attracts a liquid surface, both after an unvarying fashion. In 
tile adhesion of the particles of a liquid among themselves, it 
i s evident that each particle attracts the particle next it, what¬ 
ever side it may present; for although we stir the mass about, 
80 as ■ to make the particles turn round among each other, 
they still show a mutual attraction. The whole,surface round 
and round of an atom of water has an evenly-spread attrac¬ 
tive power towards the whole surface of every other atom; 
hateveivpoints are brought together, the degree of attraction 
dll be equal, just as the earth will draw a body downwards 
with the same force on any side. In like manner ^ the 
repulsion caused in bodies by heat, as in air (whose particles 
all tend to fly off from each other), is a constant repulsion. 
No movement among the atoms, as by stirring them and 
■ ranging their places among each other, alters their repul¬ 
se tendency. It is manifest in this case also, that each atom 
air is actuated evenly all round its body with a repelling 
^jower towards every other atom. If we supposed any one 
atom turned half round or quarter round in its place, it would 
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Bonus 'I'"* 

^ o ‘sut jn exactly the same manner as the old. 

varvi?“ ’J®® of_ forces that have not *he*ini- 

renuWon ^ W» cohesion, or -aseons 

maslsTf “hering-.in ato?«s ami 

mass infl -iff,. V- ij o.t one side of each^torn or 

»ia&s, .ind atti active at the opposite side. If we have two bodi*‘s 

aahering- to one another hy this force, and if “J tnim one of 

* 1 ,®®^ turn it about so as to place the onnosite end rie\-f' 
the other, there will be no attraofinn • 

1 be a lepnlfeion, and this repulsion will probablv liave tli<“ 
same strength that the previoul attraction Inul In t ^ca • 
therefore, the mutiml iwtiif-dn-.. ^ ^ ’ 


;::: -r - conT,rary actions. If the forces on t'^fo 

tog'ether, they would neutreli.sp 

forces of'this ehn^rr indiffeience^on tha whole. To 

actuated bv tli^r n® poeah is g-iveir; «md bodies 

actuated by them are called polar, or polarised nr -ire sni/1 

to have the attribute of polarity. Foidiiscd, oi aic said 

atmnJadh^re ^ crystallised, the force by whicli fcluur 

toms adheic is a polar force. An atom of ice wn‘11 not adhere 

to another atom on any side ; a certain point of ti c Xe1‘ n..-s' 
to a certain point of the other • and if nni 

Stnmts 1 ..; uwiLi , dnd It OHO o± a pail* of adlOlllMli** 

atoms were to have its ends reversed, the two atorns woiiiri 

repel one another violently. Hence crystallised bodied cant 
have their particles stirred about like i liquid or like i«l- 
iron; the least disturbance causes a Ware ’ If a mrticie is 

beTmcsTnuTs?v;^^'7>f admet lii- it 

SlXa^litt indicates a polar cohesion. 

cohesion is^nt mobility of parts, shoiv that tlie 

coiiesion is not polar, but general, and evenly distributed over 

the entire surface of the particles. When b^die^ ai4 -it 

ugliest pitch of solidity, hardness, or compactness of stnu*- 

polai. Cohesion.' 

eviioint^ solid softens, melts, and hiudly 

4 Throno-hnni n’ f destroyer of polarity. •' 

under'^EnnSrRro^ whole range of actions that Je included , 
It is not nm5M„ t mvariaWe cliaractcri.stic. 

an eaual rennl'firo n P*“duce an electrical attraction witliout 
S^aStiv^nt oI! ^T®"’ Every electrified body 

rised! hke an atom of acitsTaf Tif 

ban most completely study^he natni^e X ifwf oTp’Sat Ibi";^ 



for tliere we liate it rintler tlie greatest variety of iiiferent 
ivirtaiiiistauutes anil modes. It ivS not coniined to (deetricity; 
Wft Seoiit also in, light. Chemical forces liave certainly a 
polar iiatiirej ami smne of tlie vita! forces appear to have tlie 
sa,.me (Aarricter. ■ \Vlii,>t;her ail the poh'ir forces ariiJO from one 
itieiiti.i*i4 agency or from maiiyj they at least sefte to illus¬ 
trate ami exphiin eacli otlieni; and tlie electrical pheJioinemi. 
si,»nt tlia most visible ami|angiWe instances o,f :tlie polar 
le of a.etii>ii, 

. 'I'lm word from the (ireek naine for, 

fr (wlticli strongly exhibits the iilienorm'iia wlien rtiblxid)/ 
was at aiipliiMl to the electrifying of bodies by nibbing 
Ilf |^!tiiin; but it is now the gmieral name for seveirdiirercnt 
ljv|‘\f¥»Nor aleetiical exidtemeni. Tln,’si‘seve,n kimls fall under 
heatls, Wlnm tin* (‘xcitement is in a state of repose, and 
inainlauis itself, it is ealled STAi’icaL ,1'lLrarriiTtnTV; when 
le is in a consiimt imrrent, and r(M|iiires to bo 


i.‘imtM.niallf "laoimved, it is called (...hiniiK'XT B.lkctiviCITXT, 
'I’lic sulfiiivijfiyns of ea,i;ii a^ia'i as tbllow: 


sTATOau. ,i::iJ«:cTKici'rt 


I Jlagiielism. | 1 Frictional or Tcimioii Elect,rieity. 


c:nKiit,;NT .m,ii':cT.RU,a.TT 


m "VYitaic Flec'trieity. 

a. Fli‘etrt'>YMaoni‘tism, 

b, MagacUe'l'iiccincity. 


m dhiiario-fllectricity, 
7. Animal Electricity* 




MAGNETISM. 


6. There is a certain ore of iron (an oxide, or a comifination 
of the metal with oxygen) that has the property of a|trat*tin!r 
pieces of irpn, and of comminiicating its attractiv€i power to 
bars of steel. This ore is called the hadstme. The name 
7}iagnet, Mbo applied to it and to the bars of steel that have 
acquired its properties, is supposed to be derived from Mag¬ 
nesia, a country in Asia Minor, where it was lirst discoveriuL 


LAWS OF MAGNETIC inOSNOAIliNA. 

7. The first principle of the magnetic force may he statlaT* 
thus:,iTO^J magnet lias always two poles or points where Jhe 
powe'^^seems concentrated. If we dip ;l magnetic i>ar into 
iron filings, on lifting it up find a considerable quantify 
of the filings adhering* to it, in consequence of its attraction 
for iron. On observing it closely, we see that tin* g*reatc.sft 
mass of filings is attached to the two ends, that there is ii 
gradual decrease towards the middle, and that in the middle 
point itself there is none. Hence it is said that tlic poles, or 
centres of the force, lie in the ends of tlie bar. A hea vitn* 
piece of iron will be suspended at one of the ends tlian in any 
other place. The actual poles or points of highest concen¬ 
tration in the case of a bar, are each in the interior of tlic 
bar at a small distance, probably from a quarter of an incli to 
an inch from the extremities. Whatever be the shape of tin* 
magnetic mass, two such centres will be found in it. If a 
loadstone, or a steel magnet, is broken in two, eacli fragnicnt 
will have two poles the same as the entire body; and thiH 
would hold if it were broken into any number of pii*ccs. "riic 
poles are not of themselves the sources of tbe power. Tbcy 
resemble rather the centre of gravity of a body; wliitdi is the 
point, not where the gravity is actualhr ]odge<l, l>i*t where, 
if it were lodged, the action of the body would continm ‘' 


same; and which is continually changing with the cliangcii 
of shape or contents that the body undergoes. The inagiM?ti« 
poles represent the total magnetism of'tlie mass; wlicn 
speak of a body’s distance from the magnet, \\a* measnni 
this distance from a pole. As a gravitating mass is a col¬ 
lection of gravitating atoms, so a magnet is^ a taillcction of 
magnetic atoms, each with its two jioles; and %vh(>n tlie 
forces of all the atoms are joined together, tlie result; is the 
same as if the magnet were only a pair of atoms, |>lact‘d 
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aswjder at tlae distance of tlxe two poles, and possessing oppo¬ 
site attractions. 

repel eaeh other hy their like poles^ and attract 
each other hy their nulike poles. The two poles of a magnet, 
as of aM polarised bodies, have opposite actions; what the one 
will attract, the other will repel, and ivhat the one will repel, 
the other will attract. If we have two differeiLt magnets, 
anti if we take a third magnet to try their actidh upon, we 
slnill find out which is the like, and which the unlike poles. 
Prestnit one end of the tlrst to one end of the third-;; and sup- 
'|>ose we fnid that they attract each other. Present next one 
«rnd of the second to the same end of the third; if an attrac- 
tion now takes |)1at;e, the |>oles of the lirst and second that 
iiav(Kfchus shown a common atti’action for one pole of the 
are like poles; they have both precisely^ the same 
;i.ctio!i on one ol>jt;ct. Their otlier ends, if tried in thft same 
w'ay, would show an identical action on the common Aject, 
Jintl wmild also be like poles. But if a pole of the &4t at¬ 
tracted, and a pole of tlie .second repelled, the same pole of 
tdie tliird, tlie poles of tlie hrst and second thus tried would 
lie unlike polos, Tims, in the^ 
ilgure, suppose that thej)ole A of 
No, 1 attnicted tlm end h of No. 3, 
and the pole A" of No. 2 also 
attracted 6, A and A' are like ji 
Imt if, Avbile. A attracted 


z 




B 




is 


A' ri'|>ell(ul it, 


les. 


A and A' wmdd be 
Nt>w, from tlie na- 


a- r 


h 


unlik«* |)ob 

tairo of }>olarit.y , t he t.wo poh’s of tlie same magnet are always 
unlike ; that is, if A attracted b, B would repel b. By re* 


versiiu^ the acting' magnet while the magnet acted on remains 


we gad, ;in op|iosne action. 

IK 8ii|)|H>8ing’, t herefore, it is found by such a trial that A 
and A' sire the like poles of two magnets. Let us bring^ 
these two poles together, and the action is repulsion. So, ii* 
we hring^the pther ends togetVier, Band B', wliich also are 
like |>oles, tliey will re|)el esicli other. But if we bring A 
Sind B' togetlnri*, wliich are the unlike poles of the two mag¬ 
nets, they will attract; each other, and adhere with more or 
less fonal acconling to their strength. The same will happen 
if w<i liriiig A/ aiul B toget her. And if, in the trial of the 
two first u|ioii ( lie third, it appeared that A and A attra,cted 
tliis would be a proof that the pole b was unlike the poles 
A and A', ami like their opposites B and B'; and that a is 
the pole like to A and A', 

It). The two poles of a magnet are distinguished by the 
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names North, and South, from the north and south pofe of 
the earth. The end of a magmetised needle or bar that points 
to the north pole of the earth when suspended freely;, at 
an early period termed the north pole, and the opposite end", 
the south pole. This usage still continues, although erifbneous. 
In fact, the end that is attracted to the north is, for |}iat very 
reason, unlilie the north magnetic pole of the earth, and ought 
to have been termed the south pole of the magnet. 

' 11, It thus appears that there exists witliin each magnet 

two contrary inlluences, which repel each other, and, througli 
this repulsion, are distributed into the two farthest ends of the 
mass. Half-way between the poles is the cross line of neutra¬ 
lity. It is the place where the two opposing forces b^h^nce 
one another, and prevent an attraction talung place**tathe^,m 
way. We must regard the force even at one of the poles 
as a difference of two forces; for when a needle is attracted 
to the north pole of the magnet, it is under the repulsion 
of the south pole at the same instant. It is kept to the 
north pole only because it is nearest; for the magnetic force 
diminishes by distance. It is from the neutral line being* 
equally distant from both poles that its neutrality arises. 
An object placed there is like the matter in the earth’s 
centre, which, being* equally attracted on all sides, shows no 
tendency to any. 

12. The attraction of magnets for imvinagnetised iron arises 
from a temporary comnmmication of magnetism^ called indiiGtion, 
If we bidng a few iron filings or pieces of soft imn near the 
pole of the magnet, they will be attracted; if we take them 
off, and apply them to the other end, they will still be at¬ 
tracted. This at first sight appears to contradict the general 
statement as to the contrary nature of the two poles. But 
on nearer examination, it becomes perfectly consistent; and 
a new property of magnetism is disclosed by it. When we 
bring one end of a piece of soft iron near the pole of the mag¬ 
net, the soft iron is itself rendered magnetic. Each magnet is, 
as it were, surrounded with an atmosphere that communicates 
the power to all iron masses that approach it. This temporary 
magnetism is always arranged in opposition to the forces of 
the principal magnet. The end of the soft bar touching 
the north pole of the magnet becomes a south pole; and tlxe 
other end is a north pole, as may be seen by bringing the 
south pole of another magnet near it. While in actual con¬ 
tact with the magnet, the iron is not indifferent; if we try 
the remote end by a pole like the one that attracts the near 
end, w-^e whll see an active repulsion; so that a niag*net 
attracts iron because it has the power of making it a magnet 
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for tliB tima. The iron in eoritac^t is rendered polar tlironerli- 
nut, and has tliis polarity concentrated in two opj)o.site poles 
txactl^'^^^ke the loadstone. A magnet cannot attract silver, 
hccanse it has not the power of imparting’ the magnetic state 
to atoiila or masses of silver. Iron seencis by iiatiire susce|)” 
tible of ^nagnetisin, and when once it is magnetised, it can 
attract oth<‘r iron by magnetising it in tnrn, 

IM. existence of this temporary inlluence, called w/n/- 
ncl'w iiKhirtloHy |»roves that polar l)odii'S attract none but 
polar liodii's, W lion a inuitral bod 3 ’' is l)rouglit m‘ar a polar 
body, tiu're will be no action nnless the rieutrai body is llrsl 
polarised 1 )\'‘ t in; iiirighbourhood of the other. 

a inag'net snspentls iron lilings, tiny may be 
.scfvn 'kaaging from it in threads, dinning not all to the mag¬ 
net, Imt to one another in a chain, 'riiis action is best under¬ 
stood by taking* a lV*w iron balls or litthi bits of \s‘irt‘, and 
.sys}H‘ndiM!»* one of th^'in to a pole of the magnet. My tins 
stisp 4 *nsion it; is made a mag’nt*(, for t he time, ami two •a.ctive 
poles are deve!o)»ed in it. If the north poU* of the magnet 
XH used, the wire 1 will have its uuptir <md a south pole, and 

its lower cuni a tiortb ' pol<>, riculy ^ ......... 

to a;t.t^ra.et iron, as if it were a per- *'* L—.. .. 


manent; loatlstaen*,. J'iring’ now the 
wire ‘3 int<.> contaet with tin* lirst. 

Tlie a.etive iieirth, pole of No. 1 
will iievebtji an active south pole 
in the iipi'M'r cmi of No. 3, and an 
active iiortli |*ob* at its lower end ; the unlike poles will attract 
eaeli other, ami tJn*. second will hang* by iIjc first, and will 
liave ilie j'H.nver of eemnnuiiieating the i-uime |»ok-irity, ;onl 
I'Xereisiiig; tJie sai'ia? uit.ra,ction for a third wire, ’’fhe \ve,igll,t 
of wires that ean be polarisesl and suh|o‘ndeii is limited by the. 
power of the maifm.'t:. A..s tin.* iowt*r <^nd of the above seri<ts 
is a north pole, it may i>e cari’ii*d across to the oilnu* <vnd of 
tl»e neernct w hieli is south, ami there attra(;ted ; ami wc \v*ill 
tin.is hatw' ;i chain hangintr from end to end of the magnet, 
each joinise.r presenting a pair of opposilct tioles. 


The imlmj- 

tivc strengtii of the two imds lieing; e-oxidiined in tlris cr.isrg a 
Lrrcdt'.er wavirrhi, wtll l,ie. suHtainerl ilian ttould be borne by a 
singlr^ pole. 

Id. \Va iimst ertneeivr'; the atoixis <!ompos)ng' tin* mag’ind, 
itself as ex**rcising tjie same inductive power on one smother, 
imti in this wsiy combining th(»ir st;rimg;tb togi‘f,her. .'But fo.r 
tliis I'tow-er whii.’b eaeli little .niugiiet hsi.H to throw itsi strc-ngtlx, 
as it werig into sm idjoining msignet, tln‘re. tjould no accu- 
.inuh,a-i.on t,d’ force. A chanx nevtfr can be strongci* tinm iis 
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weakest link ; and the end of a line of magnetic atoms would 
have no greater strength than a single atom unless ejieli atom 
was heightened by the inductive force of tiie whoW sifries. 
No. 1 has of itself a certain degree of polarity ; JNh). 2 has 
in like manner a certain independent strengtii; th<^ 

two go togethei*, the first iidds its inductive to 

the natural polarity of the second, and tlie second dues tie; 
same to the first, and each is now so imudi strongisr than 
before. It is like the lowest stratum of ii iiuid wliicli ivressos 


not only with its own gravity, but also w itli the accumulated 
g-ravity of all that lie above it. 

16. The potoer of the or2(/mal iseanited h tf the Imtite- 

tioii. By connecting the two ends of a magUHrt by a <*f 
unmagnetised iron, tlie latter becomes magnetic uiulfT the* 
induction, and seems to react upon the magnt't by its iiidue- 
tion, so as to maintain, and even to iiicrea.s<3, its polarity, f.eft 
to itself, with its poles unconmuU’.ed, ;i magnet’s |»uc*er gra¬ 
dually decays. The series of inductive judarities must form a 
circle to acquire the highest degree of intensity; aiul when an. 
unmagmetic ba,r joins the poles, tlie exercise of tin? intluelinn 
upon the fresh 'matter gradually lieigiitcns tlu* sum of tin' 
polarity. 


MACS NETS. 

17. The loadstone has been termed the natural ma,‘.rnet, 
l:)ecn;ose it seems to liave nia.gni*tism permamn-itly engiaiineii 
in its constitution. It is found in ail parts of t,lie worlih ami 
sometimes forms rocks of considerable size. Its strene/th is 
very imecjual in dilTerent s|)e(;imens. As a< jrenciMl ruli;, a 
small loadstone will carry a grealtu* U'eight. in pro|(ortion tu 
its size than a large one. It has a grayisii eohiur ami a dark 
inetidlic lustre. Although an oxidii (if *irou, it is not ideiilirtii 
eitluir with rust or witli the scales of iron foriiu d hv burjumr 


iron wire m oxygen gas. 

IS. Artiilcial magnets tire formed fi’om hara <**’ well-tem ¬ 
pered sl.eel. The imdantaneous inlineuce of a, magnet, on a 
steel bar is not so great as on soft iron, i)ut tin* steel rfOuin:'* 
the polarity tliat lias once been (auijinunieateil li) it. '^J'o nut;*- 
iietise tlie steel tlioroughly, motion and fric.t.ion an* used. In 
general, if we take a loadstom*, or a, l»ar ahaxidy magnetis<>,|, 
and mb one end along- a steel bar repeatedly, aud always in 
one direction, tlie steel bar will beeoim^ inagnetie; liut in 
order to mak(^ tlie pnna^ss cffect-ive, a mode of aetion must bt' 
used that viuihirmly tend.s to giv»t one k ind of magnet ism to 
the bar that is, tliat alwuiyB cicvclopes the same p(de at the 
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same end. If one part, of the stroke tends to guve a south 
polej anil anotlier aiiortb, to oimj end of the bar, the contradic¬ 
tion ivill destroy the effect. In rul)bing* a bar with a inagnet, 
%e ouglil to coiiimerita' at tlie middle of tlie bar, arnl rub from 
tlience ^.o oruj tMui witJi one*, of the poles of tlie magnet; the 
lliagmet slumld then lie reversed, and }>laced at tlie middle 
as* l>e*fiu‘i', and rubbe<l towards the other vjid of tlie bai*. 
And the prtH‘ess should he re]ieated in tlie same ord(‘r; 
one f‘ml of tloj liiag’iM'fc always g'oiiig* out to one end, of the 
bai‘, ami tlie otlier emi of f lic magnet to tlit; otJier i'lul i>f tht; 
Inir ulternateK% I'he bar will tln n be mag'neiised in sn<di Ji 
manner tluit each end will be oppositt; to the end of the 
nuigiiet that rubbed it. Tlie sjune imluetive action tbat ren- 
titu’s suit, ii'on n‘!ii|ios'ai'ily inagmlic by imua* t;ontact, eomes 
into play licre ; Init steel iiffcrs more ri‘si^U,aiiee to the action 
than iron, and tin* frietion is need«*d to uviU'come the resist- 
iinee. The n»!»g‘!n‘tiit stale thus foreihl^* (*0111111111110:11,ed re¬ 
mains permnnently in tlie sti'e! lun*, w liieli has tlieneefortli 
the: character of tin* natural loatlstoin?. 

Ill, In praetjee, it is found best to use two magnets to ruli 
witli, and tliereliy to perform lioth tlie rulihings at onet*. 
< )j»|uisitc ends of the iivo riibldng* magnets are laid togef ln'r 
on tin; iniddle of the bar to l.»e niagni;tis(;d, and tlie^y are held 
so as to make a small angle with tin* bar ; they are then 
drawn along, om* to tun* end, and (he taln'r to tin; otln r (‘nd, 
repeal-edly. 'riie bar itself is laiil in a, straight liiir; with two 
otlier iint'rae!s, wliieh exert U|»nn it tlie induelivi; eonlat*!, 
M-iiile it; undergoes tin* fj'ie.iion of the ruhfiing mag’nets. Tliis 
nn.'thod is foaml vi-ry suitable in. nia.gneti.si,iig rniedles for 
Anoflter method, called tin; douhle taNi’iij eon- 

ill 


sistH .in a..ri‘a.pg'inL': t'iie ha,r as liehrre, wit.li, i,'nugnet.s i.n a, line 


with eardi end, and using two rulihing,* inngiH;tH with op|Hi,site 
|»oles lironght tt»gether; Imt instead of he*girining at tin; 
middle of the bar, ami sepuratiing the two, and drawing them 
jipart to tin two tliey an* held togi’tlier anti rnhlN*d from 

end to em..i.j>a..e!vwa.rds and forwards. 'Tin; inchnation in tld i 
if;ase is to lie still sinaUer than lieforc. Tin; (‘iids ol‘ tin; 
rnhliing; magne.t;; ai’c iH)t in a.etmrl contaet, hut j'tress upon a 
Wf'dge of Wood or ierass w’bieli lies bct\vn;(;n Idiem. This nn;tliod 
(‘onimimieates a, very inti*ns(; degree cif niag’netii-m ; Imt it 


4 


to make tin; pole , of t he liar mie(|u:d in strength. 

'iit.h .IiiHte.ad of l.M'ing a straight bar,. It is eonveni«,‘nt to givi.; 
imygm'ts tin; form of a ln;»rs«!«-.sho<g ■which brings their poles 
near e:n.*h <.»th.er, a.inl inak(.*s it easy to com]ilete t;he cirede, juid 
to bring both iioles into play upon the same oliject. Bucli a 
magnet is represented in the following figure. ' A and IH a..rc 
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the two poles; they are joined by the bar m.n, which Is of 
course polarised; m having* the opjiosite rnagTictism frotn A, 

and n from II. Each lioi'sfi-shcKi n'Kign'efe 
is permanently furnished with suclwi cross- 
piece, made of soft iron, whitih is called the 
keepei'f and sometimes the lifter^ and Jilso the 
a7'm.ature. When the rnagaiet is*tised, to 
suspend weig'hts, these are attached to tlie 
keepei', as shown in tlie fig-ure, 

21 . In order to mak^j a vtny pnwei’ful mag¬ 
net, a nximber of single bars are jpined toga*- 
ther. ThivS makes a comph^iud tu* a 

magnetic bundle or battery. Thty 11 ^ 13 ” lie 
either straight or liorse-shoa liJn'S,' A«. <'‘nn- 
pound horse-shoe magnet is represented l«*~ 
neath: R is the ring* for suspending; it, anti 
kli! the armature; tlic bars arts magnerisfai 
before being joined, and tiny are fasttanai l>y 
screws .*? and rinming through them, 

22 . A piece of loadstone is gtaierally’'* fitted up in a fnime- 

work of soft iron, and its jioles arc fhns 
communicated to |>roJt*ctiiig einls t>f irtut, 
■wlnc.h have the same act ion us t in* t'lnls of 
mjigTietic bars. 

26. The strerngth of a magnet nr.gy lie 
gradually heightened i>y hanging wciiriif-; 
to it, wliich are to be incretcHcd a.i *nt»'ri.''ds 
of time, by little and litth’. On the other 
liand, the'magnet is weaki'ned tiy abruiui^' 
breaking the e<)nf;;n*t, as in drawing nil fin* 
keeper suddeid 3 % if uii iron liar i. in in- 
duetive contaivt with ;i inagnel, and in thut 
position retadves a sma’csHinn of‘ {tliovs wd.li 
aliammer, it will acquire ,*i inarmetism : 

so, if it is pla^eed nndi'i* ind-Uef ittn wlnlc liiC , 
and allowed to (sool, t-lie magindae state* will l.»t* :.,i» as 

to remain ; also if iron, while unde*}* ine'hrid 44 ui,l,>cta.j!ii»''s I'lr-fy, 
the chemical action will have the* saine^*! edlV*et in lixinr’ the 
magnetism. On tfu:'! principle that a change* in the* int4'-*-nlar 
constitution of the iron can reneh*r pc-rmam’nt. tin* ma’rm.'ti** 
state, it is possible* te> form an artiiieaal Itejuisfync. dqqenir 
a powerful horse>shoe* nxagnet intue irem liling’n a gi'caf lem 
will be ag’greg'ateal rovnnl ea.e*h pole, uml tin*)^ nail reen fiercf.ferr 
so as to inuke a string or tit ft Ixetwe.'e'it tine poh’^n ‘U'l::y!i' 

mass ttikcMi togetherr will be* as erne* mae^fuet of Iny-u* 

If the iiiings are; them moistt'ned wiiti t:nl, a'ml e.*;?iv|to;'itrd tu a 
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red lieat while connected with the mag-net, a partial oxidation 
of the iron will take place. The mass will then cohere 
tog'eff5iei;g,with some deg-ree of compactness, and will remain 
permanentljr magnetic, and very much resemble the natural 
loadstotle. On the otlier hand, a maganet when heated to red¬ 
ness and^then cooled, loses its mng-netism entirely, as well as 
its steel texnper. Red-hot iron loses the power of being 
attrnfded by tlie magaiet, and seems to become like one of the 
iadilferent metals,. On closer examination, however, and by 
the use of a magiiet of very g*reat power, Faraday found that 
the magnetic susceptibility is not entirely lost at a red heat, 
but meiMidy very .mticli enfeebled. 

24. ?ro;i is not the only magmetic metal, although it be the 
one most powerfully ahected. Nickel and cobalt are also 
inagTietic, and are attracted and polarised exactly like iron. 
Jt was formerly supposed that all tlie metals migdit be subject 
to magnetism in some deg-ree, allliougdi perhaps it might 
require a much lovv-er temperature than ordinary to make the 
polarity appear; but the recent experiments of Faraday are 
tending to show that only a limited number of tliem are 
mag'netic ; namely, the three already decided on—iron, nickel, 
and cobalt; and as far as appears at present, six others— 
titanium, manganese, cerium, chromium, palladium, and pla¬ 
tinum. To these nine bodies must now be added Oxygkn, 
wliich ]7arada3’' has still more recently sliown to be niagnetic. 

25. A certain number of metals when under high magnetic 
influence — as when l^dng* between the poles of a powerful 
horse-slioe magnet—are repelled b^^ both pf)les alike, so that a 
bar suspended between t.wo poles is compelled to assume a 
cross position, from its seeking- to be removed as far as it can 
be from both. To tins action Faraday lias given the name of 
dliiuuujmMstn^ or cross magnetism. It is, however, radically 
different from magnetic action, althougli caused by a ma gnet. 
Its want of the polar eliaracter makes it an exception to all 
forms of electrical excitement. It takes place so decidedly on 
the followas to prove them to be at least not 
magnetic—antiinoiiy, bismiitli, ca.<lmium, copjier, gold, lead, 
inercniy, silver, tin, zinc. But the cross action is not t;on- 
iined to metals: it belongs to almost all solid, liquid, and 
gaseous substances, excepting- tliose that are mag-netic ; and it 
xnav' Ixdong' to them too for anv^tliing* wm know, since, though 
it did exist, it xvould be overpowered and hidden by their 
inagnetic tendency''. The diainag-netic action is found to be 
strongest with bisinntli, phosplsorus, and the heavy gdass, 
composed of silica,ted borate of lead. 

26. When a substance is uaagnetic, like iron, all its com- 

11 








ELECTKICITY. 


pounds are magnetic likewise. Oxides and salts, and tlie 
other combinations of iron, nickel, cobalt, titanium, &;c. are all 
attracted by the magnet, and consequently excludedpfrof4:i the 
list of Faradaydiamagnetics. Liquid solutions of the acids 
and salts of these metals are seen to be magnetic a#well as 
the solid masses. Hence if any compound of a ine^l shows 
polarity, or is attracted by a magnet, that metal is inferred to 
he magnetic. It was principally by the use of compounds that 
Faraday determined the magnetic character of the six ,metals 
above tmurnerated additional to iron, nickel, ahd cobalth The 
magnetism of oxygen, however, is not .maintained' in its 
compounds. : 

MAGNETISM OF THE EAUTH. • 


27. The earth, taken as a whole, forms a great magnet 
having two poles, termed its north and south mafpictw pdes. 
This is proved by tbe fact, that all magmets assume a fixed 
position on its surface,, in a direction nearly north and south. 
If we suspend a magnetised bar with a stiung, and leave it to 
itself, on coming to rest it will take this nortii and south direc¬ 
tion ; and if we move it or whirl it round, it v^iil come to rest 
again in the same position. The exact direction of the mag¬ 
netic needle, or freely-suspended bar, in any place on tfie 
earth, determines the magiictiG •meridian of that place ; whicli 
is an imaginary upright plane (like those used in astronomy), 
passing* throug'h or along the bar thus suspended. This meri¬ 
dian is not always due north and south, and consequently it 
does not coincide with the astronomical meridian. Its devia¬ 
tion from the latter is called the dcolination. This declination 
is sometimes east and sometimes west. It is also called the varia¬ 
tion of the compass; and in using* a compass to determine the 
true north point, allowance must be made for such variation. 

28. The declination varies in different pffaces, and is con¬ 
stantly changing for any one place. Its change is steady 
and progTessive ; after increasing* up to a certain point on one 
side, it decreases, comes to nothing*, and passes to the other 
side, where it increases to a maximum, and t%s@iBp^ommenoes 
to retreat. Tims in 1660 there was no variation in London ; 
the needle lay exactly north and south. In 1700 it had ac¬ 
quired nearly 10 degrees of deviation to the west, which 
went on increasing in this direction during the whole of last 
century ; and in 1800 it amounted to upwards of 24 degrees.' 
From 1815 downwards it has been slowly decreasing. It 
must take several hundreds of years to go through an entire 
course. Fesides this general movement in one direction, the 
needle shows other variations: it has a small daily vibration 
called the diurnal variation. From sunrise it begins its 
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XTesterly sweep, -whicli continues till about five p.m. : it then 
retro^Tadesj and continues to move east until it baa reached 
its mean»position, where it settles throngii the night. This 
arises from the sun^s action on the oxygen of the air ('23, 24.) 

29. a tiar or needle is made to balance itself level or 
evenly ii?!?,an axis before being* inagTietised, it will not lie even, 
if placed in the inagaietic meridian, after it has been reiidered 
a inagTiet. It points downward, or is said to dip. This dip 
•br mclijiatum of the needle is so g'reat in some pla.ces as to 
rnake-,it'stand Aieaiiy uprigiit^ But the dip va,ries'%ith the 
latitude, (In'* the equator the needle is nearly levol? in the 
regions. about tlie north and south poles it approaches the 
uprigiil; position. In this countiy it inclines or dips about 
7(.l degTces. It is evidently owing* to the earth’s magnetic 
poles being situated deep in the interior of the globe some¬ 
where in the arctic and antarctic circles. Captain Iloss came 
to a place in 70*^ 5' north latitude and 203'^ 14' east longitude, 
where the needle stood perfectly iiprig'ht, showing that the 
north magnetic pole was directly under that spot, being* thus 
at a considerable distance from the north pole of the earth. 
On the other hand, there are places in the tropics where the 
needle has no inclination; and every such place is said to be 
in the mapnctio equator, whicli is formed by drawing* a line 
through all the points wdiere this p>erfect level occurs. The 
inagnetic equator does not coincide with the earth’s equator, 
but deviates to each side of it, and forms on tlie whole a. very 
irregular line. The level of the needle is evidently produced 
by the equal and opposing actions of tlie north and soulli poles. 
North of the magnetic equator the dip is north, and south of 
tlie eqiuitor it is soutli. 

;30. There is the same constant fluctuation in the inclina¬ 
tion as in the declination of the needle. The inclination has 


been gradually diminishing in London for the last century. 
It also has daily variations. The aurora liorealis has alwav's 
a,n effect ii pon the rnagTietic needle, lioth in its declination 
and its incixiilfrion. Bartliqliakes and volcanic eruptions are 
accomjianicTl with magnetic disturbances, which sometimes 


eaiise a permanent alteration of the needle. There occur, 
besides, agitations, called magnetic storms, whicli sometimes 
aifect a whole continent simrdtaneously, and produce lai'ge 
vibrations in all tlie magnetic iiistrumeiits. From all these 
circiimstances, it appears that tlie. earth’s magnetism is under¬ 


going incessant fluctuations and eliang'es, some gradual and 
steady, others sudden and moineotai'y. 

31. I5esides the inclination and declination caused by the. 
earth’s magnetic polarity, the inteusiti/ of the action has 
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been made a Tnat.ter of observatunK I'liis i.-' i!neri'iru’(";i {’V a 
separate instrinntJiit, :md it is i'oinul te* lie least, on Ifsc yoip- 
netie equator, and. to increasi*. irra,(Ioally tnwards the 
poles; but .like the other two el(‘ineMts, it is eontinua-il^' vurv- 
inp:' in the sarne }da(;e. 

32. In .regaird to ir;ulvicingvirra”‘iu‘t i.'-iTii u|iom iro!’, nio* s;ir!h. 
acts like an ordinary iuap;5H:“t.. A. Ion* of irors. lu-nittsi in fiif- 
pole like a dijipiiuj;* needle, and harnnoTod, or eutsitsl, or ••!; i a 
in that position, iM'eomes a inaynet. So eertain is t ins f ll's f, 
that hardly a.ny iron is ev<>r roniui lV(‘e Ironi magnt ? r i*!, 'i hs 
earth’s indu<a,ive, eihu!!; is rendered pornKusmt. in pn t-c dt it .fj 
by the various inodes of working'and oinplox'iii:.:; t hoju.as vtcil 
as by the spontaneous oxidation whi<‘h ofcurs u looi tfe v Oi- 
lying* unused. In liigdi iiortli latittides, pokers aioi bar tl*!f 
usually .sta-iul on (aid inevitaiily aetinin* a sina.ll degree uf 
r.nag'netism. In the tropi(!s, bars whieh lie on the irroisuil 
Tieai'ly north and south are alVeeted in a siniilar wtiy. 

33. The niag-netitt furet.*, lik** all otlier inilufausrs :• i?;;*' 

or ra.diating* from a centre, diniini.shes as tin,* 15u;ire i.d' lia* 
distance inci’eust's. 


M.vuNI'iTie IxsTnr'iu mn'ts. 


34. The apparatus desig-ned to exlilldt maeaietie aefien;-., jMit, 
oidy serve for tlie study of the pln‘nomena in a m is sihiie !ioinf, 
of view*, but have also very important praetical iMtplie.ifue . 
The marincr^s aonipmss, which i.s ;i, diadinalion needir% .ierv* . to 

g’ nidi * 11 1 1V i a ?. H. .e i in t! t ?. * 
open ocean, wlirai the’.s' 
i.s no mark ei t her in t in*' 
skv (0* (Ul I lie V!,:'lit!e 
In»r}'/.(.»n fo (U:aine'm.'h, 

llnrt'.li, roufh, e;t,.--..f, ;r!iit 
tvest, |‘»v O'tiniin;'; a*- 
\v:!\"s lo the. nKCfis. or 
t\!Sh!n a knotvn aM;.','!** 
fd,’ [ia* ('X'iiii''*«'f!Ttr( h. pf,isi.t, 
if. shows the e.i,ilir.'-e t:ij’ 

t.ht* ship at (‘\'f I'v mto. 

ine.Ml,, 'I'ln* Miei-f 

til! I pjirt,. is a neis'ia’rs'.rti 

bar of Hfeei, ealied flie* 



wiiieli m ;sn.|e- 
porfed hor3-/.o.fnaliy en 

:i Central, ravot,, run ad 

xvhicli it is free to inovii and to point in any direct ion, I 'ne 
pivot riti(,'..s from a circular eard or dial, round t.lie t'n’cuniit renec 
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tvf wlrii'li iivp. miirkt'd thirty-two points. Tho prroodiiig* tlg'iiro 
re|t!;f*sonts this (.•iiril :---.Nurtii, (.‘jist, auTi west, are tluT 

"Miaijiff or <'Mr(!ioal launts, and are imlicated hv their initial 
letters res|)(‘(i i vely, wlule tlie suhordinate points are also 
inarkt:‘4 hy lett-ers, as INi h iC for :nort.h-b 3 '“('>ast, IN N 1% Jiortli- 
iiortli-east; aud so on. 'To la* ahh* to lanrite the various points 
is s:tid Ft) !m>\ the eoiuj):jss.'^ The card and needle an* iixed 
in a, round enelosed by a sheet cd’ ylass, ti) s<‘eure it 

iHith from the aydation td’ tin* atinos|diere, as well us to 
nrxelude dust, moisture, and otloT* tliinys w hich iniydit inter¬ 
fere u ith t he eoiTeetmess of its indi<'af ions, d’he whole is 
eiiiditsod in another Inix, suspended l)y {.\v<i eoina*nti'ie Itrass 
eifi'ies* «.jr f/hoito/s^ as tliey ar»r t.ejdmitailly cadied, and in sinrli 
a nonue'r, that tlie compass liany's, as it wts'e, on points like 
a's*i\ i\ «'l, fpy which, dtrriny the; pit«dnny' and ru<'kiny of iJie 
ship, i !o‘ noedh* and its card remain in a. hori/unt.a! ])Osi- 
tion, tmd umier :d! circumstanees ol* mciiion inditaite the 
various points cvirTeetlj. 

'file (iipphiff or hichndtton necdic has to ijc snspt'iu.letl 
liii an axis, with an v!{triy'ht. 
yradnat«*d rim attaelieti to it, to 

rdiow tie* auii.mnt. of the in(*Iina- ^" f.. .' i ! 

tit.Mi. 'fhe instnuiH'iit is repre- | 

sented iaunplete in theliyure. ■ i 

t'Hk .A yreat'. imprtivemenf- has \; 1 t 

hern c’lroftod in t lie use oi' the 'fr / .'s' t "'si'T!' 

eomp:i>-i h_v taklti;,,;' in!'*'* as'comit. ; Y'. ; ''' //t i i' 

t io' a.«*fit)n of’ liie iron of a., .sfdn ■ ■ Js"' . •/"f f | \ 

n|i>*ii n, and prit\'tdni:.!: a met inHi | j: j.\,'■ ■' 'i p |i 

ui'ncutrai'iMoy tins action, wimsi' | f jAt.i,s::;:sr;TsS'^"^ 
elh'ct. woiili! of itself ri'iah*!* in- I -■ j;! oV:i''''''''' ''"s,) 
aeoiiratr* I, lie unln*a.t.ion ot tin"; N-..r py''Ty.Y; . -■■'A/ 

net-die, ;\ sliin itecosv,artlv emi- 

tanis a lai'ire (jiianf.ity of n'oe, I, k.-iJi.’'-1 ^ . . 

wld(*l) i.-’ sure t<.> Imve smne <i* ~ 'K^'’ ' ' 

yi'er of m.a.y>p;J.i<‘ power; aiul as 2d"" ^ 

I In* compass .hatiys in f.h<* st«*rn, tl,—-■ ; 

tin* at tract ill} I of tin* iron will always tend to tmske the 
itcedie f.urn to tin* d)r«‘ctaon of t he .ship’s luotnni. It: has hc(*u 
-itet ually foinul t hat, t his source of d j.st.urhanci; is su llieient, to 
ifan..-:e very },„rre;t.t MiiN(.;dvC.s as to the <;ours.es of ves.scls. 'File 
remeflv for it was invented bv Uariow, and isealled />k7c/e//'ss 
i*i'tnU'i'finff It Is a plate of iron, lix«'d liehiml the <*o)n- 

pass, or Ih'Iw «'en it and t he stern o|* t he .ship, \v hii’h of itself 
wonid |»roduce a disturhance of the needle; hut it may l>e so 
a.ilji.istcd iinit it.s aa.daon .shali be «,;xa(.:t.l 3 ^ e<|U,d to the action 
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of tile otlier iron of the ship. Althoug-h this conntei%ti|i^ 
plate Aveighs only a few pounds, yet, by its nearness tb the 
needle, it can be made as powerful as the whole inass oi: ^ 
ship’s metal, whose averag*e distance from the coTnpass- is ^ 
necessarily considerable. The adjustment is made bf^ ' 

ing out first the disturbance produced by the vessel on tlid- : 
compass; which is done by comparison^ a •compass 

placed out of the reach of the distuihing nnfiuence. The 
plate is then mounted in connection witli^ thg* coinpass, and 
moved farther or nearer till it cause exactly the same ainoiint 
of error, and the position thus found is made permanent. The 
ship’s compass is taken on shore when this last operation is 
performed; and a complete neutrality can thus be ejected. 


THE MAGNETIC ELUIBS. 

S7. To account for the magnetic phenomena, it has been 
supposed that there are contained in the structure of iron aiidt 
other magnetic substances two subtile fluids destitute of- 
weight, colour, or sensible appearance, but imparting' great, 
energy to the solid matter. A portion of one fluid strongly 
repels another portion of the same fluid, but strongly attracts 
a portion of the other fluid. Each atom contains"* about it a 
certain quantity of both. In the unmagnetised state, the two 
neutralise each other, and have no influence of any kind ; but 
by excitement, one fluid is driven tow'ards one end of an 
atom, and the other accumulated at the other end. Being 
prevented, by the cause which rouses the excitement, from 
coming together upon the same atom, tliroug-h their mutual 
attraction, they produce attractions between adjoining' par¬ 
ticles. The fluid accumulated at one end of one atom attracts 
the opposite fluid at the end of another atom ; and as the fluids 
cannot quit their respective atoms, these are drawn together 
at their unlike ends. When two atoms are lying* contiguous, 
if one has its fluids excited and polarised, the fluid accumu¬ 
lated at one end will draw the opposite fluid ofjdig^idjoining* 
particle towards itself^ and repel the fluid like to it (as the 
moon draws the Avater in the earth under herself), and the 
second atom will thus be polarised by the inductive pOAver of 
the first. This second atom will have a like action on the 
third, and polarity will thus be propagated like waves. Each 
excited pole will cause an oppoaita excitement in the adjoiniiig* 
side of the next atom, and a like excitement in the fai*-ofF side. 

38. This hypothesis serves in some measure to represent or 
express the actions which are seen to occur ; it cannot be said 
at all to explain them. 



FICTIONAL OR TEISrSIOIsr ELECTRXCITT. 

,*39V "Blie electricity of Friction or Tension is the excitement 
•'that first received the name of electricity ; and it is still called 


approprisite name is Tension Electricity- __ 

it possesses a hig-h degree of tension, or tightness, or energy, 
so that when it is discharged, it strikes a sudden and powei*- 
•ful blow on whatever comes in its way. It agrees with mag¬ 
netism* in being a permanent and self-sustaining excitement; 
it^is rantrasted with magnetism in its being producible on 
almost all substances, and in its being very liable to be dis¬ 
charged or reduced to neutrality, 

. 40. If we take a stick of sealing’-wax, and rub it with a 

^ dry woollen cloth, we shall find that it has acquired the power 
;iof attracting light bodies, such as little bits of paper or fine 
‘.dust. In its ordinary condition the wax has no such pro¬ 
perty ; the attraction is caused solely by the excitement of 
the rubbing. A piece of amber (electT07i)j or any resinous 
body, w’ill show the same phenomenon. A glass rod, well 
dried and rubbed with a piece of silk, will in like manner 
become attractive for light bodies. 

41. The entire range of this action is best seen by suspend¬ 
ing* a feather, or a })ith“ball, by a silk 
thread, on a stand such as that in the 
figure. The lightness and mobility of 
the ball (/;) make it a very delicate' test 
of the existence of attraction. If, then, 

bring the rubbed wax (iw) near the 
ball, it will be attracted; but oir the 
instant of touching', the attraction seems 
to cease; the ball drops away from tlie 
wax and and is now repelled by 

it; so that if we bring the wax near the 

ball, the latter inovea'still farther away. The contact brought 
about by the attraction at first has led to the communication 
of something to the ball, winch causes it to be actively re¬ 
pelled by the wax. A rod of glass will exhibit the very same 
train of actions-—first attraction, then contact, and lastly 
active repulsion. 

42. If, now, we compare the effects of wax and glass on the 
same bull, a new distinction appears. Let the bail be acted on 
by the excited wax, or be attracted, touched, and finally re- 





24 


ELECTRICITY. 


pelled. While in this state of repulsion by the wax, let an 
excited g'lass i*od be broug;*ht near it—it is instantly attracted 
by the g'lass, broug’ht into contact, and then repelled. 14 * the 
wax be now brought near, the ball will be attracted once more ; 
so that there is evidently an opposition in the characters o-f 
excited wax and excited glass ; what the one repels, the other 
attracts, and what the one attracts, the other repels. They 
are like the opposite poles of a naag-net. The friction thus 
developes a force which is polar in its nature. The discovery 
of the diiference between wax and glass has led to the belief 
in two kinds of electricity—the one called resinous, from its 
being the excitement of wax and resinous bodies ; the other 
vitreous, or the excitement of glass. 

43. If we now take two pith-balls, and suspend* them 
together or near one another, and apply the excited wax, we 
find both attracted, sticking for an instant on the wax, and 
then driven off, and both held at a distance by repulsion ; 
hut besides being repelled by the wax, we see that they are 
also repelled by one another. The very same happens with a 
glass rod, or any electrified substance ; so that when two 
bodies have touched one and the same excited body, they 
acquire a mutual repulsion. It is now plain that the balls 
have received some influence by touching the wax, for after it 
is taken out of the way, they continue actively to repel one 
another. Prom this we infer that a body electrified by fric¬ 
tion can communicate its excitement to another body by 
touching* it; so that the excitement does not remain fixed in 
the place where it was produced, but can run along* from one 
surface to another. This conveyance from place to place is 
called conduction. While the pith-ball lies on the surface of 
the wax, it receives a portion of the wax’s excitement upon 
its own surface; and when two balls have each acquired ex¬ 
citement in this way, they show it by repcdling* each othei*, 
just as the wax itself repels one or both of them. It is mani¬ 
fest that the electricity that passes upon the pith-ball iTom 
the wax is of the same kind as the wax itself p 4 S»e»gfes. This 
can be still better proved by comparing*, as follows, the wax 
with the opposite substance, or with the glass rod. 

44. If the g'lass rod is used exactly as we have descril>ed in 
the case of the wax, the same thing* will happen by means of 
it : the two balls will be both attracted, then both repelled, 
and when the rod is withdrawn they will remain repelling* 
one another. But let us next act on one of the balls with the 
wax, and on the other with the glass, until the one ball is 
seen actively repelled by the former, and the other actively 
repelled by the latter. In this state let the balls be brought 
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witilin a little distance of each other; they instantly attract 
and fly tog-ether. Thus when both balls receive excitement 
front ong substance, they repel, when they receive excitement 
from opposite substances, they attract, one another. The wax 
by toTlch gives its resinous excitement, and the glass a 
' vitreous^ excitement; and the opposition of polarities thus 
created causes attraction, as in the magnet. 

45. We have therefore the following general results aris¬ 
ing from the rubbing* of substances :— 

A great number of bodies, by being rubbed, acquire an 
electrical excitement, shown in attracting* other bodies. Both 
the substances rubbed and the substances attracted may be as 
variou-s as possible; showing* that the property is not special 
and conliiied to one or a few substances, like magnetism, but 
universally diffused. 

2cZ, This excitement can be communicated by touch to other 
bodies ; showing* that it does not remain attached to the ex¬ 
cited particles, but may run along a surface and seize other 
particles, and give them the same power as if they had been 
themselves acted on by the rubbing. This property of con-' 
diiction is not seen in mag’netisrn. 

Zil, There are two opposite kinds of the excitement exem¬ 
plified, the one in wax, and all resinous bodies; the other in 
g*lass (vitreous). 

4^A, When two bodies receive the same excitement, they 
repel each other ; when they i*eceive opposite excitements, 
they attract each other. This is the law of inag'iietic excite¬ 
ment also. 

46. It is found that the force of the attraction, or the repul¬ 
sion caused by electricity, is inversely as the square of the 
distance; whence it resembles not only magnetism, but gra¬ 
vitation, heat, light, and sound. 

47. It is necessary to state here the explanation given by 
Franklin of these phenomena, as it led to the adoption of the 
terms positive and negative^ instead of vitreous and resinous, 
to express tlia two electricities. He imagined a fluid per¬ 
vading* all matter, strong“ly self-repulsive like a highly- 
elastic g-as, and spreading* itself as wide as it possibly can. 
This g’reat repulsiveness is, however, modified by its second 
property, which is an energ*etic attraction or adhesion to all 
iiiaterial bodies, so that each substance contains a quantity of 
fluid pervading it throughout, and firmly bound to each atom. 
In ordinary circumstances it is in a state of rest or equili¬ 
brium, or so counteracted by itself that it makes no motions of 
any kind; but when two bodies are rubbed together, the 
equilibrium is disturbed, one of the bodies acquires more than 
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its natural sliarey and the other less: the one contains, as it 
were, condensed fluid or ether ; the other rarefled fluid. But 
this foi’ced inequality cannot last: the condensed flqid fiends 
to rush towards the rarefied portion, and in so doing’, drag’s 
with it the substance it resides in, so that there is an^attrac- 
tion of the bodies themselves when their containi:^^g fluids 
are of unequal strength. Hence the tendency to come to an 
equilibrium, joined with the adhesion to the particles of bodies, 
brings on the attraction which we see. On the other hand, if 
two bodies have both an excess or a condensation of the 
fluid, their repulsion will be above average, and they will 
move away from one another. 

48. This hypothetical assumption is not sufficient to (Explain 
all the phenomena; but it ag’rees with some of the most jbromji- 
nent of them, and brings out an additional fact, not apparent 
from any of the foregoing' experiments, but completely estab¬ 
lished by other experiments, which we shall state as the fifth 
general law of electrical excitement. 

bill, When a body is electrified by being rubbed, the rub¬ 
bing* body also receives an equal and opposite excitement. 
Thus the cloth that rubbed the wax is electrified as much as 
the wax, but with the opposite kind—that is, of the same kind 
as glass acquires. So the rubber of the glass rod is resinously 
electrified- 

49. Now, according to Tranklin, electrical excitement is the 

same as an excess or a defect of the electrical self-repulsive 
ether; and accordingly he calls the one excitement or 

positive electricity, the other imnus or negatim electricity. 
These terms are found to be so appropriate that they have 
been retained, and extended to all the oarrent edectricities to 
be afterwards described. The electricity produced on glass is 
what is chosen as positive ; that on wax is therefore negative. 
It is therefore to be distinctly b6rne in mind that 

Glass or vitreous electricity is positive. 

Waa or resinous electricity is negative. 

When a pith-ball touches sealing-wax, it is negntwetg electri-;, 
lied; when it touches glass, it is positivelg electrified. Tl\e v 
cloth which rubs wax is positive; the cloth which rubs . 

is neg’ative. Positively electrified bodies repel each 
negatively electrified bodies also repel each other; a posifive 
body and a negative attract each other. ‘ ^ 

CONBUCTORS AND IKSULATOBS. 

00. Although the word condnetion is used to express the 
travelling of electrical excitement from one surface to another, 
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paf-jsnee of electrifify is v«n*y difForont from flio passa^-e of 
lu atj aTsu t*xpr«‘ssod l)y tHuuiuction. 11 oaf. is (‘onvoyed slowly 
frum^no |tortioM of a luass to anotlifr, < 0 * from oio^ body to 
aijotlua* fii c<>ntu<*f’. with it; obM-tricity [lassrs quioklyy *mul 
somotiiiios, wo ruity say, inHtantanecmNly. Hoait pcnotratos tlm 
iiitcrior, olcofrioify travels oti th<* stirlaia*. Kha-tricity is not. 
radiant IBn* lieaf.; it dtjos imh'od inlluonct' Itodies w ldeli aro at 
soiiio distanee, l)ut the iiiliutmeo is qnito of anotlicr kind frutu 
condurtion, os' frmii what passes by tmndi or contaet. 

bl. But altboiiirli otuiiluotictn is a pa'in-ral property of the 
<‘leefri(ail exeitJ'tnent, it is very did’erent for <iitf(*reiit bodies, 

< >11 some surf.iees the exeitement rims from eml to end w ith 
sueli ({uiekasess that no sensible time elapses ; on othiu'si it 
travels .t-dow!VS s-'o that a roil iniu'ht in? stronylv exeited at oint 
end, and yet remain a lony tiim^ mmtral at. the (tflier mul ; 
sueh a l»ody would lie <*alled a bud luinduetor. But the word 
hus'<i/f//'e is used as tiie opposite of eez/dee/; when a. sulistM iiee 
retains the eleetrieity, and resists its passtiqa^ from |ilaci‘ to 
|ilaee, it is said to In- an h/sv/Za/er; the eleetrieity is etanjed 
lip there as in an iif,su/a or island. 

f)2. *riie sulistanees wa- have mentioned as ennvenieiit for 
produiuMp: f‘h*etri<uty “ rtririjely, wax, resin, amber, ylass, «S;,e* 

■ are all bad eonduetors, or insidators. 'rbe exeiteimuit on a» 
slii’k of wax reimuns uhnost on t lie very spots wfneb are rubbed ; 
it does not pass aloiu.;' the surlaeo ivxeept in a v<*ry small de- 
irn-e. d'b<‘ same is true of a p;lass rod, but not to tin* same 
extent; the yiassy f n rl’ai-e resists tin* passage suftieiently to 
be railed a, pood iusuiator, but it does not resist so wtdl as tli<; 
wax. 'riiis propei’ty of iiisulatiiip' the eieetrituty is essential to 
fhe Mieeess of sueh (‘xperinu'uts as ive Itave deserilied weitli 
these substanees : bad. the i.‘x<‘iteineiit run, .fria-ly over tlie snr- 
tViee of the rods, it would have |)a.ssed away by the band, anti 
tiisappeared us fast as it xvas proilueed, ami the attraetions 
xvoifhl not have (H’eurre‘tl. I f the rods w <*re wet, the eiFeetH 
wtiuhl not la* seen ; for wat«‘r in the smallest tilm is a 
eoinitieloiv ainl „\Vituhi carry aw-ay tlie exeitemeiit, so tdiat 
tye wouhi not know that any liad been r«*aUy |>rotitteed, 

V* whiel .1 form the be..st eom.im;tt,irs aia? the 

Trnmiiy ..Allhourdi unequal it.i this respec-t, every one ed‘ thi-mi 
is ;i gnod eoruhietiu’; so mueli so, that no peree|)tihle eleetri<*ity 
ran reimnn on any tandaia*, if th«*re he a metal in eontaet. \v,itli, 

, it and eonnei teii w itli the pa’ound. 'I'he fotiowinp' table exhibits 
n series of bodies in tlie tirder of their eondueting* pow’er : 
those at tin* t<>p .are tin* heat i*oud actors, those: at the bot,toin, 
tiie worst eonduetors, or the liest iijHidators. Bead, from a,bove 
doymvard, it luxhihits tiie order of conducting* }anv(:..r; from’ 
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below upward, ifc sliows tlio order of hisnlMt iiiir |>r>\vf*r; ko fliat 
■we can give it the one title at the top, and tlie otlier at the 
bottom- 


CON mic ro UM. 

Metals. 

Charcoal in its various forms. 

Kuse<l elilorido.s, iodide.s, and .sails gejieraJiy, 
Strt»n.t!,’ aoid.s. 

Alkaline Hohitioiiii. 

Water. 

Alcohol. 
i)ainj> air. 

Vt\^efcal>lo bodies. 


Animal bodies. 

Hpernnuicti. 

(ilas.s. 

fSidplmr, 

Fixed oils. 

'J’nrp<mtiuc. 

KesiuH. 

lee. 

Diarnoini. 

Sludldat;. 

()xala,t,i! of Ihmv 
Dry gases. 

INSttL.4TOH.H. 

54. It will tluis be seen that vkdveoftl stands next ftj t be 
liictals 5 but this holds only ol it.s |uire fornis, such as iiluin- 
t)ao*o and vvcll-prenured w'ood cluircoal. In coal there is a 
inixture of oily and pitcliy inatt«»r, wliich lowers the conduct- 
power, h<*caii.si,! these !•»^h^st.anc(^s .stjuid low in tlic t;d>lc, 
./’'ksv'/'/ .SY4//.S* an* and next to tlicin suli.s not 

insed. xXvitJ, and i>t(’ sithfttans arc he! ter than trait t\ 

.......... ..t... 'it. t . I ■> 1- » * ^ V * 

1 ns inlmaor 
to be nnder- 
anii unimids 
n^'-.sann' coic- 
ras’ii lo In* 
and vanour, 

*nv s.( antis 

Ur to tiepo>if'i 
presence is 
• loticli Used 
the cla.ss vf 
kin.d in rrusi 
n iuMilafin**’ 

■r t 

•t,:oui.tt rtf 


fy.u«;u vcf/ruimc and atnmtu tnnl/rs are .spoken t 
in conducting* power to water ami ah‘<dnil, it is 
stood tlmt tiny arc <{uite drtf, laving Novgidahles 
Jirc aiw.-jy.s moist, which will g*iv«^ tlicni aimm-d t! 
iluctmg' power as wa,tcr. d'he hest, in.snlaturs a 

T^*g*asc.s fre(* from .steam 
is a goo(i conductor only in its .staf 

low ; and steam, i.s not n comlmdor, i»nt it is .so iial 
wjiter or dew on the surfaces of horiit*;^, tliaf. if’ 
g'cnerally adverse to insulation. t^kelUiue is ver; 
a.s the, best pra(‘ti(;al in.sulator^ it l*e!ong’s to 
rc.sinons lK)die.s, but exitefs all the otlicrs of its 
|)eculiarity. (i/tiss stands much below tlie rc.sinM 
power, and it is surpassed by sulphur; but on a 
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hardness atid strength, it has very frequently to he adopted as 
an insulator. 

65.** It Is-convenient to draw aline in the ahove table at the 
place where, for practical purposes, conduction ceases and 
insulation begins. This line is taken between vegetable and 
apikial b^^dies: a dry vegetable substance, such as a piece of 
wood or a linen thread, is a conductor, though an imperfect 
one; a dry animal substance, as a silk thread, is reckoned an 
insulator, and used as such. The farther we go from these on 
either side, the respective peculiarities become more intense 
and decided. For good conduction, a wire of some metal, 
such as copper, is used; for good insulation, glass, or wax, or 
shell-lac, may be chosen. But the very best insulators are 
made Conductors by being damp: hence dryness of surface 
must be carefully attended to. An electrical eel, broug'ht to 
this country some time ag’o, was killed by a water-rat in spite 
of its electric discharges; w^hich, though sufficient to stun 
very powerful animals, had no effect on the rat, whose fur is 
unwetable by water, and therefore, as a dry animal substance, 
proved a good insulator. 

56. The substances presented in the table are merely a 
selection from the general mass of existing* substances. Every 
body in nature is either a conductor or an insulator of elec¬ 
tricity; but the foregoing list wdll suffice to show with what 
other properties a conducting* or insulating power is usually 
combined. It is evident, for example, that the g'aseous state 
tends strongly to insulation; that bodies abounding in com¬ 
bustible material, such as the resins, a.r(j insulating ; that the 
presence of water always causes conduction ; and k> on. The 
character of a very wide rang'e of substances is determined 
since the rank of metals and of vegetable and animal bodies 
is ascertained. 


57. It was formerly considered that the insulators were 
the only bodies tha.t electricity could be excited on ; hence 
they Avere also called electrics, while the conductors, such as 
the metal's, were called non-electrics. But this supposition is 
false. The metals are excitable by friction the same as the 
•resins; but from their being good conductors, the electricity 
is apt to disappear from their surface as fast as it is formed. 
It is possible, by proper insulation, to make them electric, as 
well as sealing-w’'ax or glass. In the electrical machine, the 
electricity is produced by the rubbing of a metallic siirface 
on glass. The distinction of electrics and non-electrics, there¬ 
fore, is no longer admitted. 

58. The earth is considered the general reservoir of elec- 
• tricity: whenever any excitement is connected with the ground 
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by a good conductor, it passes thither, and is lost by dissf'^^ 
pation, like a wave spreading out on a boundless sea. The 
earth is generally neutral, or very slightly charg*ed f#andPelec¬ 
tricity of high tension will always run towards a body with 
either no charge, or with a feebler charge, and still m^re with 
an opposite charge. If the earth were negatitely ^ectrified, 
positive eleptricity would run towards it witn still more 
energy than if it were neutral | whereas negative electricity 
would not run thither, unless its tension or strength were 
greater than the tension of the earth’s charge. It is in all 
cases necessary to place insulators between an electrified body 
and the ground, in order to retain the charge. 

59. When an electrified surface, or an electric charge of 
any kind, has two connections with the ground, or with neu¬ 
tral surfaces where it can spread, it always passes by the best 
conductor, even although this should be by far the longest 
path. Thus a metallic rod would be preferred to a line of 
water, water to dry wood, and wood to glass. 

THE ELECTRICA.L MACHINE. 

60. In order to procure electricity in large quantities, and 

of great intensity, a 
rubbing machine is con¬ 
structed, called the Elec- 
tric|l .Machm^ Its es¬ 
sential parts are a eylin-- 
der of ylass mounted 
on an axle on which it 
may be turned, a 
covered with a metallic 
paste, and a metalliG 
cylinder to take the elec¬ 
tricity olffrom the glass. 
The figure represents 
such a machinfe. A A is 
the glass cylinder re¬ 
volving on an axis in the 
two supports B and B," 
which are either of wood' 
or glass. E is a cylindey^f' 
carry ing the cushion that 
rubs on the glass. This 
cushion is commojnly 

seppahle from the cylinder, and when placed in it, rests on a 
spring, which keeps it close to the glass during thefriction. The 
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. cylindfeiv El'. lias a metallic surface of brass or tin, and it is 
supported; on a pillar D, which is an insulator made of glass. 
On ^ihe other side of the glass cylinder is the metallic cylinder 
G, destined to receive the electricity evolved on the former. 
It doe'^ not of itself rub on the glass, but it is armed with a 
row of brass points, which almost touch the excited cylinder, 
and whfch are specially adapted to carry off the electricity, 
and spread* it over the metallic surface. This cylinder is 
called the Prime Conductor, or first receiver of the excitement, 
and it is supported by a glass pillar, H, in order to be insu¬ 
lated. As the electricity of glass is positive, this cylinder 
must always receive positive electricity; hence it is called the 
Positive Prime Conductor. Since the cushion cylinder gets 
itself charged with negative electricity, it is called the Nega¬ 
tive Prime Conductor. The base of the pillar supporting the 
negative conductor is movable by a screw ss, to regulate the 
pressure of the cushion. A flap of silk (K K) is fastened to the 
upper edge of the cushion, and covers the upper half of the 
cylinder; this may both increase the friction given to the glass, 
and help to retain the electricity on the surface till it go round 
to the points on the prime receiver. The surface of the cylin¬ 
der and of the insulating pillars must be kept wai*m and dry 
during the working of the machine; and for this purpose a 
permanent heating body is sometimes kept near, such as an 
iron heater or a lamp (F) applied to the hollow (D) of each glass 
pillar. Although the cushion cylinder is on an insulating 
stand, it is not generally insulated when the machine is 
woi’ked; insulation is used merely for certain special experi¬ 
ments. Accordingiy, it is usual to connect the negative cylin¬ 
der with the groiind by a chain. If it were not so connected, 
it would become highly charg'ed with negative electricity, and 
i’esist the further disengagement of the excitement. 

61. The operation, then, consists in turning the cylindei* 
rapidly by the handle W. Its surface is rubbed hard on the 
metallic paste, which the cushion is smeared with, and elec¬ 
tricity is> evolved of both kinds. The positive excitement 
appears on the glass, and is carried round and taken off by 
the points of the pi*ime conductor, and there accumulated, 

• 'being cut off from all conducting communication with the 
ground. The negative excitement is given to the metallic 
% of the cushion, and thence to the whole of the nega- 

Ji^e cylinder; but for the sake of getting additional excite- 
nieut from the machine to the other side, this is cai'ried to 
the eai'th by the chain. 

62. While the positive prime conductor is thus receiving a 
constant stream of positive excitement, we may derive from 
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it electricity for any experiments that we desire to ihak% OT 
we may observe upon itself the various properties of electrical 
excitement. Such experiments as we detailed at the o»tset 
can now be made with far g^reater effect than with g-lass rods 
or sealing-wax; the attractions and repulsions will b» much 
more powerful. Feathers, pith-balls, and the like, will be 
attracted and repelled with rapidity and vehemence. And 
by means of metallic rods, electricity can be conveyed to any 
surfaces we please at any distance, 

63. A great number of striking and beautiful experiments 
can be made by electrifying bodies, and making them display 
the attractions and repulsions caused by the electricity. For 

example, in the figure, B is an 
insulating stand formed* of a 
glass pillar, A is a brass knob at 
the top of the pillar, and through 
this nob runs the brass rod CD, 
which suspends by a metallic 
chain the metallic plate E. A 
second plate F lies a few inches 
beneath the first, and rests on a 
stand which is not insulated. 

A few light figures of pith or 
other substance are laid upon 
the lower plate, and the end of 
the rod C is brought into con¬ 
nection with the prime conduc¬ 
tor of the machine, either by touching it, or communicating 
by a chain or rod, or by being s6 near, that the electricity can 
fiy ofP to it in sparks. If the machine is now worked, and 
electricity conveyed off to C, it will run along CD, and down 
to the upper plate, and remain there, since it cannot go down 
by the glass pillar to the earth. The upper plate, in conse¬ 
quence of its charge, will attract the fig’ures from the lower 
plate, and make them fly up to it; but as soon as they touch, 
they will become themselves electrified by conduction, and be 
repelled or thrown down from that plate; but they no sooner . 
touch the lower plate, than they give away their excitement 
to it, whence the charge passes off to the ground, and they ’ 
are neutral as before. The upper plate now attracts, and elec-.* ’ 
trifles, and repels them again; and they move up and.dowh*“ 
a second time, and dischaige their excitement to the low^r 
conductor, and are ready to be attracted upwards a third 
time, and so on. In short, so long as the upper plate is elec¬ 
trified, they are kept dancing up and down; hence the name 

is given to the apparatus. 
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is anotlier apparatus for sB-owin^ 
the same effect. The stand B carries upon it at a little heig-ht 
a helf ^', and above the bell a glass 
insulating rod terminating in the 
brass knob A. Prom A proceeds 
four bras* rods, and from their ex¬ 
tremities are suspended by brass 
rods or chains four bells a, 5, c, d, 
hanging on a level with the ball h' 
on the pillar. Four bi’ass balls 
are suspended by silk threads from 
the arms running out from A, so 
as to hang between the outer bells 
an^ the* central one. Electri city is 
then conveyed to the central knob, 
or to any of the arms, and runs 
over the whole of the arms and 
the outer bells, but it is prevented 
by the glass pillar from passing to the middle bell, and by 
the silk threads from passing to the brass balls. The outer 
bells are therefore highly charged with the electricity of the 
positive prime conductor, and each attracts the ball next it. 
The balls move up, therefore, and strike the bells; but no 
sooner touch them, than they are repelled, and fly in the 
direction of the central ball; which, being neutral and unin¬ 
sulated, takes off their electricity, and with it their repulsion 
from the outer bells; so that the instant they strike upon the 
neutral centre, they are again attracted to the electrified bells, 
and immediately repelled as before. Thus, by incessantly 
swinging between the two, they keep up a tinkling as long 
as the electricity continues. 

65. Another set of expeidments on the same principle is 
made by feathers, heads of hair, or like bodies. When these 
are electrified, the repulsion that bodies in the same state 
always; m^anifest, causes the haii* to bristle up, and spread 
itself oht as far “apart as possible, 

• ■ 66. It-can be easily proved by the machine, that while the 

■glass cylinder acquires positive electricity, the rubber becomes 
^negative. For this purpose the cylinder containing the rubber 
is insulated by removing the chain usually attached to it, 
and the positive conductor is connected with the ground. In 
this state the conductor that has the rubber will be excited, 
and its excitement can be turned to the same account as the 
other in such experiments as the above. But to test its cha¬ 
racter, we may use a suspended pith-ball and a piece of sealings 
wax, which we know when rubbed to be negative. Let the 

c 
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sealing-wax attract tlie pitli-ball, and electrify it wStli.fe' owli 
kind, so as to repel ile Let the hall now approach , 

trifled conductor, w&clt ought to he feebly charged ; 
will be ^Spelled hy i^allo, showing that the electricity;, of t^^ 
conductor is the saie'as that of the wax, hr negative/ If the 
hall had. been excited* by touching a glass .rod, it w®uld have 
been attracted by the cushion conductor. Such experiments 
will not succeed if the conductor is powerfully charged, be¬ 
cause in that case the trifling excitement given.by a piece of 
wax is completely overwhelmed by the conductor's excite¬ 
ment, and the ball is acted on as if it were neutral. A piece 
of excited wax, or any resinous surface, serves on all occasions 
to test which of the two electricities is produced. 

67. The metallic paste smeared upon the cushion (a hair- 
cushion covered with chamois leather) is what is called an 
amalgam j that is, a combination of mercury with, other metals. 
If a bar of tin, lead, or zinc, or any metal, be dipped into a 
vessel of mercury, the mercury will partially dissolve it, like 
water with a salt. A solution in this way of any other metal 
in mercury gives an amalgam. The mixture used for the 
electrical rubber is one part of tin and two of zinc to six of 
mercury ; but different proportions have been used by diffe¬ 
rent experimenters. With the addition of so great a quantity 
of sohd metal, the mercury extreme fluidity, and 

becomes viscid and pasty, approaching to an incoherent soft 
powder. It is spread on the cushion with the blade of a knife 
and requires to; be renewed from time to time * for besides 
being dissipated, by^ the action of the machine, it seems to 
undergo some chemical or other change that gradually takes 
away its power of exciting the electricity. 

_ 68. Another form of the electrical machine, more powerful • 
than the one just described, is what is called the Plate Ida- 
^me; that is, instead of a cylinder, a flat circular plate is used. 
Ihe cushion must then be double, so as to hold the edo-e as 
between one's finger and thumb ; and the other parts must"? 
correspond to the shape of the glass. Two rubbers and twol’^ 
sets of pomts are commonly applied to the plate’s edge, dividSil 
mg It, as It were, into four quarters. Tbe objection to sucKv 
machmes is their liability to crack, by the heating that "allr 
inacliiiics iin(i6rg‘o to iHEke tliein tlioroiifflily dry 
being TCOught. But a cylinder machine can be much Im-' 
proved m power by attaching two rubbers to the cylinder one 
above and the other below, and enclosing both sides of the 
cylind^r^ With rows of points, and also by reducing* the thick- 
-ness of the prime eonduotor (which must have the shape of a 
spuf whose arm? eon;|||ii the ,two rows of points) to abciit ap 
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a machine has been constructed by Mr Straton of 
; and it yields many times the r^uantity of. electricity 
9 fouM be giv^mby a machine of^ e#al size made in the 
ar^i-form.■■ . ;; . 

A machine of ^eat power has been constructed, which 
receives tlie nameArmstrong’s Hydro-Electric Machine. 
It was observed by Mr Armsti’ong, that a Jet of steam rushing 
out trom an j.iToh boiler, made the boiler give oif electric 
sparks, showing that it had been electrified by this action. 
Accordingly^ iron cylinders have been formed like the boilers 
of steamboats, and mounted with tubes for the escape of the 
Steam in the form of Jets. The steam is raised to a pressure 
of two nr three atmospheres before the tubes are opened. It 
is then allowed to rush out in a row of Jets, and in doing so it 
communicates negcitive electricity in great quantity, and of a 
very intense kind, to the whole outer surface of the boiler, 
while it is itself positively electiihed in an equal degree. The 
boiler being supported on glass pillars, in order to be insu¬ 
lated, becomes so intensely charged that, if not relieved, it 
darts off sparks to great distances. No rubbing machine can 
equal such an apparatus in power. ; 

70. The mode of action in this machine has been thoroughly 
investigated and explained by Faraday. He has shown that 
the electricity arises from the friction of water globules against 
the edge of the steam-holes. When the steam rushes out at 
Mg’h pressure, it carries a shower of water particles with it, 
and these act as a rubber upon the metallic surface of the 
boiler ; and the strong friction between water and iron is the 
soui'ce of the electricity. If the steam is dry—that is, if it is 
peiffeet steam, or the true elastic gas of water, and free from 
cloudy or watery particles—it produces no excitement what- 
:ever. If atmospheric air, or any other dry gas is used, there 
is no electricity excited; and it is completely proved that a 
can in no case serve as a rubber to evolve electricity. But 
^f the gas ..carry with it a shower of particles either or 
the surface that it rushes through becomes electrified, 
l^hd. the solid or liquid particles acquire the opposite excite- 
l^fnent. It ffepends upon the substance used what is the kind 
;d£ electi’icity given to ^ metal. The iron boiler is made 
^ine|!a.tive by the water particles in the steam cuirent ; but if 
we substitute for water oil of turpentine, olive oil, resin, or 
other similar bodies, the solid rubbed by them is positive and 
the Jet negative. Either steam or dry air may be used to 
caiTy the powder, the gas having no action but to sustain 
the rubbing stream. The action ceases if the water-drops * 
contain a^iy trace of acid or salt, which would render them 
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nmch better conductors of electricity than drops of pure water. 
It is from its being too good a conductor, that a naeta:! cginnot 
be electrified by ordinary rubbing, like a piece of •amber or 
wax. But the rapid rush of watery particles succeeds in 
charging even a metallic surface. If, however, the water is 
rendereS too good a conductor, by an acid or a salt '^Oing dis¬ 
solved in it, the difficulty of keeping the electricities apart is 
rendered so much greater. 

ELECTEOSCOPES AND ELECTEOMETEBS. 

71. An instrument for the existence of electrical 

excitement is called an Electroscope; an instrument^ for not 
only proving it to exist, but also measuring its strength, or 
tension, is called an Electrometer. There are many instru¬ 
ments of both kinds 

72. A pail* of pith-balls hung together serve to indicate 
the presence of electricity. • If they are brought into contact 
with an excited surface, they become both charged with the 
same kind, and repel each other. Of course, if the surface 
touched is neutral, there will be no action. 

73. The Gold-Leaf Electroscope is on the 

same principle, but far more delicate. It 
is represented in the adj oining figure. A 
glass vessel has inserted in it a metallic 
rod terminating in two gold leaves, and 
surmounted by a metallic plate. The rod 
passing through the neck in the bottle is 
covered with shell - lac vai’nish, and sur¬ 
rounded besides by a glass tube, A very 
small degree of excitement commiinicated to ' 
the metallic plate will cause a divergence of 
the gold leaves. To ascertain the"^kind of 
the electricity, it can be compared with the 
influence of sealing-wax. ^ 

74. Both the pith-balls and the gold-leaves 

serve as electrometers to a certain extent; for in propox’tion 
to the strength of the charge will be the distance of the 
repelled balls or leaves. And if we estimate this distance by . 
a graduated scale, we shall have a measure of the elecUucal 
tension. But there are many other arrangements for measur¬ 
ing the excitement, such as the following :—- “ 

75. The Quadx*ant Electrometer is represented on nexffe page: 
AB is the stand, and g a semicii’cle of ivoi’y, graduated 
.according to the divisions of a circle. From the centre c 
hangs a sti*ip of cane, with a pith-ball I at its other end. If, 
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now, the stand is connected with an electrical surface, so as 
fo *be itself electrified, the pith-ball hanging' by it will share 
pin the,excitement, and be repelled, and rise 
wp the The degree to which it 

ascehdsij^v^iU b^ a measure of the strength 
of the electricity. ■ 

76. Volta’s Electrolueter is analogous to _ 
the gold-leaf apparatus; but instead of gold " 
leaves, it has two straws hung from hooks 
at the end of the metallic rod. A scale is 
fitted up in the glass vessel to measure the 
divergence of the straws. This instrument 
is much more delicate than the quadrant 
electrometer. 

77. For measuring very strong charges, 
an apparatus of a larger kind is made use 
of. Such is what is called the Balance Electrometer, where the 
strength is measured by the weight which can be overcome by 
the repellent power of an electrical charge. One end of a rod 
balanced on the middle lies upon another rod, both ending in 
balls or knobs; when an electrical charge is communicated to 
the apparatus, the two balls repel each other, and the end of 
the balanced rod rises. The weight which can be lifted up by 
the rising end is a measure of the strength of the charge. 

78. The Torsion Balance of Coulomb is a very important 
instrument, both in electricity and in other departments, foi” 
the delicate measurement of forces. A rod is suspended by a 
thread, so as to hang horizontally like the beam oi a balance; 
and when this rod is acted on hy any foi’ce, there is no resist¬ 
ance to overcome but its own inertia, and the twisting of the 
thi^ad; the last is so very slight, that a large sweep of the 

" rod takes place from a veiy faint action, and th^us the minutest 
degrees of force can be measured and compared. Coulomb 
; invented this instrument to investigate the law of electric 
' force in I’elation to distance; and hy it he proved that elec¬ 
tricity resejpabled. gravity and other central forces, and dimi¬ 
nished as the square of the distance increased. 

INDUCTION. 

* 79. It has been seen that when electricity is evolved, both 

kinds are formed at the same time. The one of the two rubbed 
bodies has a positive charge, the other an equally strong nega^ 
tive chiirge- The same principle extends farther; we find 
that a charge cannot even exist on a surface unless there be 
on some adjoining surface an equal and opposite charge. Posi- 
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tive ^ectrinity caniic)% Ije fc and made to remaiii”by 

itself; it will not pass intojUny situation where it canhot be 
accompanied with a coun^s^ charg’e of .heg'ativef, e±<iit^j?ient. 
The polar character is rig-oropsly sustained in frictioliar elec¬ 
tricity, as well as in magnetism; we can no mfore have one 
kind of excitement alone by itself, than we can have ia magnet 
all north or all south. ^ ^ •' 

80. "When a surface charged with electricity of one kind 
is in the neighbourhood of other surfaces, but not touching 
them; it communicates to them the opposite electricity. The 
apparatus best adapted for demonsti'ating this is a set of brass 
cylinders rounded at the ends, and placed on insulating stands. 



Thus let 7n be the prime conductor of a machine ; c and c^, two 
insulated cylinders laid end to end at a little distance from 
each other and from the conductor; and ^ a brass ball, with a 
pith-b^ h* suspended to it. When the machine is wrought, 
the whole of the surface of has positive electricity. Now 
the action nf m upon the adjoining cylinder is such, that the 
nearest end r is electrified negatively, and the remote end 'o 
electrified positively. The cylinder has received no electricity 
by conduction; it has become polarised by induction, exactly 
as happens in magnetism. The middle is neutral, and the 
two ends are charged with equal and opposite excitements. 
But this cylinder exerts its action on the second cylinder in 
the same way; the end of which next v is negatively charged, 
and the other end positively charged. The ball h also is 
affected by the positive end of the second cylinder^ and made 
negative at one side and positive at the other, where it repels 
the pith-hall. Thus the prime conductor, without parting 
with any of its excitement by conditcimn, polarises a series 
of bodies by its inductive power. There is ho limit to the 
nuinhera|i bodies ^t^ might thus act on each other, except 
the tenihoh hut the action on each successive 

surface becoihes gradually feebler. 

$1. If the remcte end of one of the cylinders is ccnnected 
by a conductor with the earthy the charge on that ihd passes 
"off to the earthy and the opposite electidcity spreads over fhe 
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stirface of |£e cylinder, if the i)nsitive excite- 

;men"fe-‘ofof the %’st cylinder^ were conducted 
.awaTp lIie cylinder^ w posses^;:'til over a neg-ative charge, 
-as it i^ haa heen connected with the negative prime con¬ 
ductor But it^ on the other hand, without 

conducting o:ff any pciTtion of the induced electricity from any 
of the s.jift’faces, we withdraw the prime conductor whose 
tension caused the succession of polarities, they all instantly 
return to their original neutral condition. T^e presence of 
the primitive source is necessary to sustain the action; and 
when this fails or is cut oif, it is like the removal of a magnet 
from a soft iron har—-the temporary excitement ceases. 

82. We may now understand why an electrified surface 
attracts, a neutral or uneleetrifled body, such as a pith-ball. 
It»i5 not that electricity causes attractions between excited 
and unexcited bodies, the same as between bodies oppositely 
excited; but that the pith-ball is first rendered opposite by 
induction, and attracted in consequence of this opposition. A 
pith-ball at a few inches’ distance from an electrified surface, 
is charged with electricity by induction; and the kind bfeing 
contrary to the kind of the sui'face, attraction ensues; when 
the two touch, they become of the same kind by conduction. 
The case of attraction by excited surfaces is the same as the 
magnet’s attraction for iron; an opposite excitement is first 
communicated to the body, and it is then attracted. If a 
series of cylinders were electrified as above shown, they would 
all tend to attract each other by their opposite poles. 

83. It is a fact only lately discovered, that neither the 
prime conductor of the machine, nor any surface whatever, 
can receive or contain electricity, unless there be other sur¬ 
faces near to contain an opposite charge of the induced kind. 
Whatever bodies are in the neighbourhood, the walls and 
furniture of a room, &c. are made use of for this purpose, as 

' well as anything that is casually brought near. If the sur¬ 
rounding surfaces are easily excited, and can take on the 
induced electricity well, the prime conductor of the machine, 
qr any connected surface, may acquire a high charge ; but if 
these sux'faces are difficult to excite, if they are of the non- 
conducting kind, the prime conductor will receive only a 
feeble charge. The second pole is in this case not readily 
observable—-it has a sort of irregular characfcer ; but decisive 
• experiments were made by Faraday, which proved that where 
th,ei»q is not a confronting surface for the induced Gharge, it 
is impossible by the most powerful machine to put the least 
possible exffi on any surface whatever. It had pre¬ 

viously been shown,, that if the outer surface of a liollow* 



40 BLBCTBICITY. 

sphere were charg-ed, no electricity would pass to the iheide, 
although there wer« a free communication by holes'; 'and 
Faraday put the thing to the test on a large scale by^Con- 
structing an insulated room, which he weii| into wi$h his 
electroscopes, while the outside was charged lby a laj^e ma¬ 
chine ; whereupon it was found that_ no trace if ejxcitement 
appeared- in the inside. The reason isj that thei'e is^*\iQt room 
in fee interior of a continuous hollow surface for both excite¬ 
ments to, exist apart, and yet confront one another. 

84. There is a limit placed to the accumulation of electric 
excitement on any surface. But the better the opposition sur¬ 
face given for the induced electricity, the higher the charge 
that it is possible to communicate. Accordingly an apparatus 
was devised last century by a Dutchman of Leyden,- thence 
called the Leyden jar, which completely suits the polar nature 
of the charge by providing two equal surfaces,_ held apart by 
an insulating medium, to receive both the primary and the 
induced electricity. The simplest form of this double-surface 
apparatus is a pane of glass, with a coating of tinfoil on each 
side,* the coatings being equal to one another, and smaller 
than the glass, so as to leave an uncoated margin all round, 

as represented in the figure. If one 
of the coatings is connected with the 
machine, and positively charged, it 
will act by induction through the 
glass upon the other coating, and ex¬ 
cite it in the manner already described 
in the case of the row of brass cylin¬ 
ders. The near or inner surface of 
the second coating will be made nega¬ 
tive, and the other surface positive; 
and if the coatings are insulated, this 
state will continue. But if the outer 
side of the second coating is connected 
with the ground, and the positive 
induced charge taken off, the surface will hajre only a nega¬ 
tive charge left corresponding to the positive charge of the 
first cpating, directly derived from the machine. We have 
thus a true polar charge, a positive and a negative surface 
separated hy an insulating medium. The excitement is now. 
no longerbut Jixed; neither of the electricities will ruid 
off by touching the coating with a conductor ; they are, as it 
were, held locked in one another, and the apparatus is almost 
like an unexcited body. There will he no attraction of pith- 
balls, because the electricity does not need sinTOunding sur- 
feces to act upon by induction in order to maintain itselfi A 
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very’Hg'li cliarg’e 6aii now be administered, if we keep tbe 
outer* surface of the second coating: connected with the ground, 
wM1#'the first is connected with the machine. There being a 
proper surfa<^ lor the induced excitement, the primary excite¬ 
ment (Mn rise'hig'her and higher; but it will not show its 
strength in the same way as on a single surface. The dead 
lock of "Slie two prevents them from acting singly; and we 
hardly know of the accumulation that has arisen, till the two 
surfaces are connected by a conductor, such as a metallic 
wire; we then see a bright spark, and hear a sharp snap, as if 
a violent shock had been sent through the apparatus. 

85. The Leyden jar is a glass bottle with two coatings of 
tinfoil, one outside and the other inside. The coatings do not 
reach to the mouth of the bottle, so that they leave a rim of 
naked glass. A plug is fitted tightly into the mouth, and 
covered with varnish, and through the middle of it a brass 
rod is passed, with a chain hanging to its lower end, to 
make a connection with the inner coating. The upper end 
of the rod is formed into a round 
knob. The figure represents the 
jar with the apparatus used for 
discharging it; which last is a 
glass rod E to hold in the hand, 
and two brass arms connected at 
A by a movable joint. Through 
these two arms the two electri¬ 
cities run to meet one another, 
when one end touches the outside 
of the jar, and the other comes 
near the knob connected with the 
inside. In using the jar it may 
be held in the hand, and the knob presented to the prime con¬ 
ductor of the machine; the inside thus acquires a positive 
charge, and induces a negative one on the near surface of the 
outer coating fronting it I that is, on the inside surface. The 
outside stirface-of the outer coating would then be positive ; 
but it being* in the hand, the positive electricity passes away, 
and leaves the outer coating* entirely free for a negative charge, 
which it thus possesses, and thereby fixes the positive charge 
• in the inside. The transmission of more electricity from the 
•machine to the inner coating, induces more on the outer, till 
the jar is as highly charged as the strength of the excitement 
. communicated can make it. If, now, we try the outside with a 
pith-ball or other electi'ometer, we find no sign of electricity; 
if we ti'y the inside through the projecting rod, we find indeed 
a very feeble charge; but there is no appearance corresponding 
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to the actual excitement held by the two coatings. Let Tis 

discWin^ rod; and having toucfed't^Oil! 
side with (m^e ball, let us approach the kuol> with the oMier • 
and while these are yet an inch or two inclies apart, the two 
electrici^es will flash together with the nsual snal^k and 
tension or strength of the excitenoent is diown by 
the .distance that may thus be broken through by the attoc 

of ^/excitement Vf fr as-the strength 

conductor of the machini is 

oonSictof pttneair^ * “ 

86. The electricity driven off from the outer side of the 
tbe^J coating by the mductiony instead of feing conveyed to 
the earth, may be passed to a second jar, and may coSi^ 
cate to It a chaise by the same pr^ek as ThTfirstT^ fe 
' charged. Thus, in the figure, 

let A, the knob of the first jar/ 
be in contact with the prime 
conductor of the machine, 
and let the outer coatin*>* he 
insulated, hy resting theiar 
Oil a plate of g*lass oi' otliex^ in- 
plating substance. A chain 
O passes from this outer 
coating to B the projecting 
rod of the second jar, whose 
outside communicates freely 
with the ground. By work*- 

the inside 

charge, which excites a negative ^ positive 

and m consequence drives ol positive elertiSi1vhv1l“““l“^’ 

C to B, and thence to the inner coatino- of ^ 

second induction now take? pW in 1 f 
negative the outer coatmo- nfoi <3er to render 

be driven off to the ground Thus^bnSf 
in the same way a T 

the second is weaker than the first 
second, and so on, until a? last The’»??> ^ 
perceptible. After being charvrf Z i™“‘ J’® 

neoted, and each disch£ved lv itself discop- ' 

Case, as with the cylinders thatZo/fi .1* tn this 

naeneement of an enS’alZl "r P® a«‘7 the corn- 

traced to a certahi SsSce ^Woh can- be 

every Step. ' ^ weaker and weaker at 

-87. The strength of charge which can be communicated to 




iNDtrcTioiT. 4S 

jar depen^ upon tlie thinness of the intervening 
glass* T the excitement will of course 

the jar is larger in size; but its tension, strength, 
h^ intensity increases as the thickness of the glass is reduced. 
lEme ^il.ss offei^s a certain resistance to the induction, and a 
certain degi'ee of tension is expended in overcoming this 
interme<Jlate resistance. The particles of glass are them¬ 
selves successively polarised, and it is only the surplus of the 
inductive power that reaches the other coating. Hence the 
charge on the second coating is never equal to the chax'ge on 
the hrst; and consequently the reaction of the second does 
not suffice to hx the whole of the excitement of the other. 
This is the reason why a certain amount of free electricity 
may be detected in the coating that was connected with the 
naachine. If, however, this free electricity is taken ofr, the 
remaining quantity will become insufficient to support and fix 
the whole of the induced charge in the other coating, and a 
small portion of its electricity will now be rendered free, and 
become sensible to an electrometer. Should this also be com 
ducted off, the inner side will next show a surplus ; and by 
touching the two sides alternately, the whole charge may at 
last be taken off, from this constant necessity foi' there being 
a surplus on one side to fix the entire charge of the other. 
The thickness of the g^lass gives rise, besides, to wffiat is called 
the residual charge; for after discharging a jar, if we apply 
the rod again, a second discharge of a feeble kind will be ob¬ 
served. The first discharge neutralised the electricities of the 
metallic coatings ; they being good conductors, their portion 
ran off first, and came together before the excitement of the 
glass had time to go off; and this remaining excitement fur¬ 
nishes the second discharge. There must be a limit to the 
thinness of the glass of the jar; for the electricity in polaris¬ 
ing its particles evidently tends to tear them out of their 
natural cohesive position, and to join them together by new 
sides, corresponding to their electric poles. When the strength 
of the exKJitempnt comes up to a certain point, it forces its 
way thi-ough by making a hole in the g-lass. Jars are often 
pierced in this waj^ ana rendered useless by the violence of 
the polar coercion of their particles overcoming their cohesion, 
r. 88. In order to accumulate electricity^ in great quantity, a 
series of jars are joined together, forming a Leyden hattery, 
All the insides are connected by joining* their projecting knobs 
j toigether, and the outsides are connected by passing wires 
■ found them from one to another, or resting them all in a con¬ 
tinuous metallic bottom. The principle of the charge is the 
yery same as for a single jar ; and the effect is nearly what 
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would follow from one enormous jar wh^e extent of coating;i 
is equal to the sum of those whi-ch consMute the battery. 

^ 89. The ins^lat-’ 

ih^ substahce 
which s^arates 
two conducting 
surfaces,*and en¬ 
ables them to sus* 
tain opposite 
states, is called by 
Par ad ay a Diolec- 
trio. All insula¬ 
tors are dielec- 
ti‘ics, and the best 
insulators are the 

^ best dielectrics; 

for in *as far as the dielectric is a conductor, it allows elec¬ 
tricity to pass through in its own kind to the opposite sur- 
^ce, and thus discharges instead of charging the apparatus. 
As the glass of the Leyden jar is not a perfect insulator, 
but admits a very slow conduction of electricity, the charge 
necessarily decays, and becomes'at last extinct. With sealing- 
wax or shell-lac the insulation would be more perfect, and the 
induction better sustained. 

90. The action of bodiea in the capacity of dielectrics 
teaches us the cause of their being insulators or non-conduc¬ 
tors. Electricity passes through bodies by polarising their 
particles one after another; but in a good conductor the 
polar state is very readily induced, and exceedingly little in¬ 
ductive power is expended in bringing it on. Thus suppose 
the first particle becomes positive on one side, and negative 
on the other, it finds the second so easy to induce into a posi¬ 
tive and negative state in its two sides, that without any loss 
of tension or time it polarises it; and in the same manner the 
negative end of the second renders positive the adjoining end 

of the third and the further end nega¬ 
tive. Conduction is supposed to be 
nothing but a series of inductions; but 
these in some bodies are easily eifected, 
in others with difficulty. 

91. The JElectrophorus is a very 
useful piece of electrical apparatus, 
depending upon induction. It con¬ 
sists of a plate of ncietal, covered, but 
not to the edge, with a plate of resin, which is poured on it 
and spread out in the melted state. On the cake of resin is 
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■ .placed a second metallic plate having' an insulated handle (m). 

* If the ipsin be excited by rubbing^ it will have a negative sur¬ 
face ,^nd by laying on the cover, it will be electrihed by the 
contaci^; the lower surface lying on the resin will be positive 
by induction, and the upper surface negative. If we touch 
the latt^ with a conductor, such as the finger, its negative 
charge will be taken off, and positive excitement diffused over 
the^ whole. By this appai^atus a small' positive charge can be 
easily obtained at any time. 

92. The Condenser of Volta is an instrument intended to 
accumulate electricity, when of a very feeble strength, such 
as what arises in chemical actions. It is analogous to the 
Beydeij jar, or rather to the coated pane of glass. It consists 
of two metallic plates placed on one another, with a very thin 
layer of gum-lac varnish between them. The thinness of the 
gum-lac, w^hich serves as the dielectric, allows the induction 
to pass through, even although the excitement be very feeble; 
and therefore there can be an accumulation of weak electricity 
in the same way as the Beyden jar accumulates intense elec¬ 
tricity., The condenser serves as an electrometer £ind electro¬ 
scope, to attest the presence of excitement when too faint to 
show itself without accumulation. 

93. When a single surface, such as the prime conductor of 
a machine, is charged by the help of the surrounding surfaces 
which serve to sustain its inductive charge, the intervening 
air is the dielectric; hut this dielectric is easily overcome or 
ruptured, so that a discharge can take place through it at 
great distances. Thus if we hold our knuckle within an inch 
or two of the conductor, when the machine is at work, the 
hand serves as one of the random surfaces for the conductor 
to exert its induction upon, and becomes strongly negatH^e, 
and the whole intervening air is polarised like the glass of the 
Beyden jar * but the air very soon gives way, and allows the 
opposite excitements to flash together in a spark. The more 
rarefied tJie air^ the greater the distance that sparks will go 
through from one surface to another. 

94. In the case of an excited single suifface, it is found that 
unless it be a ball, tbe excitement is not equal on all parts of 
the surface. The prime conductor is generally a cylinder 
rounded at the ends into hemispheres, and the electricity is 
always stronger on the ends than on the body of the cylinder. 
If we take a large globe and a small one, and join them together 
by a rod, and pass electricity upon them, the charge will be 
most intense in tbe smallest. If the one have four times the 
surface of the other, the excitement of the large one will haye 
only one- fourth of the strength of the excitement in the 
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small. Wlienever a surface approaches td a point or ah 6.6^0* 
the intensitj proportionallj increases. l?he cause* o£^this 
unequal distribution is found in the theory of induction 

We have seen that without a confronting’ Surface to^ustain 
an opposite charg’e, no body can possibly receive excitement; 
and the better provided a body is with a surrouniMng’ sur¬ 
face, the greater the charge that it can take on. Now, if 
we have two unequal balls in the same rod, their; excite¬ 
ment depends upon the induction which they can exert on 
the surfaces about them; but the small ball being in the 
same room as the large, it has as good and extensive an 
inductive surface presented to it as the other. The two have 
unequal surfaces of their own; but they.have the same con¬ 
fronting exterior surface in the walls and furniture of the 
room, and on this unequal proportion of surfaces depends 
their unequal capacity of being excited. If we had twelve 
balls of different sizes, all strung on one rod, and hung* 
In the middle of a room, they would take on exactly equal 
charges; but if we had one ball in one room, and another in a 
different room of other dimensions and material, the charges 
would probably be unequal^—the ball that found most facility 
in polarising the surfaces around it would talp on the highest 
excitement. Now the rounded end of a cylinder is acted on 
like a small ball; for a larger surface is confronted with it 
than with an. equal portion of the body of the cylinder. 
Suppose that, in the latter, four square inches had such a 
degree of curvature as to be opposed to one-tenth of the whole 
surface of the room, and that four square inches on the end 
made a hemisphere and confronted half the room (as the sur¬ 
face of a whole sphere would confront it all round), then the 
intensity on the end would be five times that on the middle. 
Accidental arrangements will make one part of a surface 
more intense than other portions equally well curved and ex¬ 
posed to surrounding surfaces ; a metallic plate, for example, 
lying near one end of the prime conductor, jvill ciiuse that 
end to bear a higher charge. A prime conductor of a machine 
. working in a tinsmith’^s shop, would rise up to much more 
intensity than in an ordinary sitting-room. If a metallic 
cylinder were enclosed in a larger cylinder, it might be 
charged to a considerable degree; for this would be to make 
a perfect Leyden jar instead of the very imperfect way 
that the second surface is furnished by the walls and furni¬ 
ture of a room. The obstacle to the charge in this case 
would be the weakness of the dielectric; we would find it 
necessary to make the outer cylinder considerably larger 
than the inner, to allow some thickness to the intervening 
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air^ Gfcjierwise the electricity would break tliroug-li and dis- 
itself. 

' '9#^^ now understand the cause of the very great 

intensity of the ;excitement at points and edges, and the ten¬ 
dency that the electricity has to pass off from. them. A point 
is a verj^small surface, confronted with a very large exterior, 
and the extent of the induced surface allows a very high in¬ 
tensity to be attained. This intmsity favours the discharge 
by increasing the action upon the^ielectric of air, so that the 
electricity will pass off from a point to an opposite body at a 
much greater distance than it would pass through coming 
from the round bulge of a large blunt cylinder. Hence if a 
surface is armed with points, these will rob it of its excite¬ 
ment, b,nd probably'disperse it by their discharging force. 
A’row of points are used, as we have seen, to take up the 
electricity from the cylinder of the machine; they being as 
powerful to receive excitement from a surface where it is in 
excess, as to pass it off to a surface where it is deficient. Of 
all single surfaces, a fiat plate will take on the least intensity, 
and a sharp point the gTeatest. It is therefore necessary that 
surfaces which are intended to retain electricity should be well 
rounded, blunt, and smooth. And on the same principle it is 
requisite to keep the electrical apparatus free from particles of 
dust, which, like points, take on an intense charge, and fiy 
away with a lar’ge share of the excitement. 

THE DISCHARGE. 

96. The Leyden jar is discharged hy establishing a con¬ 
ducting communication between the two surfaces. But 
though this is essentially the manner of the discharge in all 
cases, it is usual to reckon three varieties of circumstances 
wherein it may happen, making, as it were, three different 
modes of annulling the excitement. These are called, Isty 
The conductme, The convective, and Sc?, The disruptive 
discharged. 

Is#, The conductive discharge is exemplified in the slow 
dischax’ge of a Leyden jar through the glass, which, not being 
a perfect dielectidc, allows of condnction to a small degree. 
Also when the air between an excited single surface and the 
surrounding* surfaces is damp, the line of watery particles 
causes a slow communication by conduction, which gradually 
discharges the excitement. Again, if the uncoated glass of 
the Leyden jar is damp, a gradual discharge of the same kind 
takes place. 

IlIiq convective discharge is exemplified when pith-balls 



48 EI^ECTBICITT. 

are attracted and repelled by a conductor^'and tben .by toucli- 
in^ some distant body lose, tbeir cbarg'e and.becdme attracted 
ag'ain, as in the electrical bells and* dancing* fig^nres. Ir^this 
case the ball acquires by contact a certain amount of_ charge, 
which it carries ofP and communicates to the oppesite Induced 
surface, serving as a go-between to carry positive <^ect^^ 
to the negative sui'face, and negative electricity to the 
tive, and bringing about » this way a neutrality ©r equii^ 
brium. Particles of dust Rnd to discharge surfaces by tliis 
process. In like manner particles of air are set in motion, and 
convey the electricity from one surface to its opposite,' 
intense action of points generally causes a current of charged 
air to run out from them, whose place is supplied by oth^r 
air that acquires a charge in its turn, and is repelled Tike the 
previous portions. There is always a repulsion created by 
the passage of electricity from points, which can be made use 
of to create a rotatory motion, by making a sort of wheel ' 
with wire spokes, ending in points all bent inwards in one 
direction, and the whole revolving on an axis. The action is 
not unlike the force in Barker^s mill. (See HYnBAtrniGS.) 

The disrwptvDG discharge is the breaking or forcing of 
the dielectric, as when the glass of the i^eyden jar is broken 
through. This arises when the twist given to the particles 
" by their electrical state is stronger than their mutual cohe¬ 
sion. Glass is generally able to resist such a power, hut the 
air offers very little resistance; hence disruptive discharges 
readily occur in it. This discharge may be exemplified by 
placing a card between one of the balls of the discharging 
rod and the coating of a Leyden jar, and passing the elec¬ 
tricity through the card; the opening which it forces can then 
be seen, and from it w*e may form some idea of the action that 
has taken place. The hole is veiy small, such as would be 
made by a fine needle; but it is widened on both sides, as if 
the force had come equally upon it from each coating. 
Whenever any had conductor, such as a piece of wood, is put 
in the way of a discharge, it is split up or piefced id the same 
manner, if the charge is sufficiently powerful. 

97. The disruptive discharge is always accompanied with a 
flash of light. This has various shapes, according* to the con¬ 
ductors used. Between two good conductors of rounded or 
blunt surfaces—such as the ball of the discharging rod, and 
the side of the jar or its nob—we have the which is a 

round ball or globule of light, which passes somewhat zig-zag 
from one to the other. This corresponds also with the most 
concentrated and energetic form of the discharge. The dis¬ 
tance ovei’' which the spark will go, disruptively through the 
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air, force of the charge, and the goodness 

of the Conducting surfaces between which it runs. From a 
pbin^ 11 * between a good and a bad conductor, the electricity, 
^assin^oifj produces sl brush of light spreading out from a 
4 :The convectiv discharge through the air yields in 
"When the air is rarefied, the discharge is 
npti^ easier, and will pass OTer a greater distance. In an 
e:&austed receiver it will pass through two or three feet in a 
idihbent^ a^ flame. In the perfect vacuum light is seen, 
bfepwing that empty spilce may take on an illumination. The 
Ojpark i^ Very bright in c atmospheric air, white and 

intense in carbonic acid gas, red and faint in hydrogen, yellow 
in steana, and of an apple-green colour in ether and alcohol.’^ 
By laymg on a glass plate stripes of tinfoil or gold leaf, cut 
across and separated at every inch or short interval, and pass¬ 
ing electricity through the vrhole, there will be a disruptive 
discharge, and a spark at every break of the continuity, and 
the entire metallic line on the plate will be illuminated. A 
great many striking effects of a similar kind can be produced 
in the dark from the electric light. 

98. The concussion given to the air by the shock makes the 
sound that we hear, which is like the sharp crack of a whip. 
Both the intermediate air and the surfaces discharged are 
severely agitated by the sudden return from their electrified 
to their natural state. 

99. There is a very perceptible sulphurous smell accom¬ 
panying the discharge of electricity. The cause of it has 
been traced by Professor Schdnbein to a peculiar substance 
formed during the dischai*ge, to which he has given the 
name of a'sowc/ and he has shown that the same substance 
is produced in other ways, and has certain remarkable pro- 

' perties, such as the power of bleaching cotton, like chlorine. 

100 . Electrical discharges have an acidifying tendency— 
that is, they form acids when the requisite ingredients are 
present. Thus nitric acid is sometimes produced in the air by 
the agency of aCtmospheric electricity ; and alcoholic liquors 
are turned sour, or made to pass into the acetous or vinegar 
fermentation. 

101 . When the discharge is interrupted by an imperfect or 
inadequate conductor, it tears, splits, heats, and sometimes 
sets fire to bodies. Very thin wires are melted; combustible 
substances, such as phosphorus or gunpowder, are inflamed. 
The human body feels a violent stunning blow when a charge 
is sent through it j a very strong charge may cause irrecover¬ 
able blindness, or even instant death. A Leyden batteiy of 
twelve jars could receive a charge sufficient to kill a man 3 ’ 
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and accidental deatjhs have actually occurred ih workin^»* wnf'h 
such gigantic batteries. ' worKin^ with 

ATMOSPHEBIC ELECTBICITy. 

, Franklin had the glory of discovering the identity of 

“P a kite wfiSK thuiSer 
^ actually drew down by 

the string a distinct charge of electricity. — 

*“P«rf®«tyknown by What method 
‘5®.“ g'®“e^ated or excited. Itis of the 

mSw^^but^oW ®^®a*"ai*y 50 r that of the com-hiou 

macnme, but no motion appears to be used in creatihir it 

, nor other method whici we are distinX awS^f as 

electricity of high tensio?. It is c6r! 
fei^y produced by heat as the remote cause, but the precise 
way in which the heat operates is but partially understood 

* 1 - be a nuatake. EvaporatW 

s-oes some chemical^changl 

^ ^ 1 ^ the same time, or when it produces somp ■irirVi 

rect mechanical action, such as the friction 

relation of the 

increasp ^ ^fQ ^ heat is decisively confirmed by the » 

where th^dpn warm lati^des, 

unknown& cSdSteT"" ^ power and grandeur 

triL^t respecting atmospheric elec- 

rent hours of the day When ^neient roi aiite- 

observed by an imXteTcSdtting‘rof 1 

IcEst clijargred. at in ^ G iiiiu that it is 

eight and tS fn theLSi^t morning, and most between, 
am reversed ao^ Iht ®Y0“™§- foggy weather'the states 

^ual showk- the air is «>SS?nly^posff4’^®but“tr“^ 

fern oL founk f"o he'i^T.; 

kind to the*tte? Ce “"o 

over a place and last tVn- which sometimes settle 

tive ohSe^fand t^ir'^S^^^^^^ 

.electricity, seems to nrevent "^kh 

heat so rkdily as vaomtS, '’®*5S- dissolved by 

eauiiy as vapoui-s usually are; for it hhs been 
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^at a cold entering a warm room will remain 
i lior ll^onsiderable tim^ 

r The ordinary action taking place upon the air will 

render aJh floating clouds liable to become nega- 
tiyely electric, especially in the lower regions, if we suppose 
that it i» at the surface of the earth that the electricity is 
generated. If other clouds float above, with a stratum- of dry 
air between, these may become positive by induction, and 
thu§ there w|ll be an opposition of states among the clouds 
themselves as well as the opposition between the lower strata 
and,^he earth. 'When the accumulation has reached a certain 
pitch, it will be discharged in some one of the three ways. 
If ther$ is a communication of moist air between the two 
ch^i’ged clouds, or between a cloud and the earth, it will pass 
off quietly hy conduciionif there is a great movement 
among the clouds themselves, it maybe neutralised bycon- 
; bxxt if two contiguous masses are highly charged, 
and a dielectric of perfectly dry air lie between, there will be 
a disruptive discharge in the form of thunder and lightning. 
When two clGuds are mutually discharged in this way, the 
whole commotion takes place in the upper air; the lightning 
is faint and diffused; and the thunder always distant. But 
when a large mass of positive cloud hangs over the negative 
earth, and when the intervening air is dry, and the accumula¬ 
tion great, the discharge bursts forth between the sky and the 
ground, and is then the most terrific and dangei'ous. The 
light has the zig-zag* known by the name of forked light¬ 
ning; and it is apt to be concentrated in some one spot, 
which is scathed and scorched by the stroke. The thunder¬ 
bolts which throw down or set fere to houses, shiver trees, 
and destroy life, are of this character. All the effects capable 
of being produced on the small scale by electrical jars and 
batteries, are caused in the grand scale by these thundery 
discharges between the clouds and the earth. 

106. On, the principle that electricity always chooses the 
best conductor within its reach, Franklin constructed the 
thundei’-rod for protecting buildings. It is a rod of iron or 
copper from half an inch to an inch in diameter, rising above 
the highest pinnacle of the building, and extending down 
along a wall to terminate in the ground. To recmve the 
excitement more easily, it is pointed at the upper end, or 
divided into several branches, each ending in a point (see 
fig^) All pieces of metal on the roof should be connected with 
the conductor, otherwise these might attract the discharge ; 
and they not being continued to the ground, it must pass- 
from them to the imperfectly-conducting* stone and wood, and 



m 


ELECTBICITY. 



produce its destructive effects. When a house ti-ics o w, ♦ ti* 
roofing-, or whether it has or not, strins oTlenrf ft, 
uilt into the walls and connected wSh one anothef*‘i,l’| 
- the metallic masses of the Wse^a 

that wherever lightning- strikes, it mav find 
a metallic conductor near to convewit ?ai-m 
less to the ground. The rod St no* ^ 
teiminate in a dry conducting body, but be 
conveyed if possible to moist earth^e) or to 
a well, so that the electricity may be at onll 
discharged into a good conducting medium 
107. For the protection of shiSs rc3‘; 
nuous metallic line is necessarf’from X' 
mastheads to the sea. But the coiiduetm-s 
in this case must be suited to the chanees 

STrinifTbe” and riggilg 

^ey Me madelnto i irenof 

flexTbk sSfps of coppM.“"’ ” 

^ thunder-storm strike on a house 

pictures; a human^being^ii? be pr^fei-^fd^ to'^d 

floors ; hence the dano-er of siif'Tn a I* to dry walls or 

floors are better conductors than wooUeirclolf 
hence people lying in bed in tb. r ^ feathers j 

to escape.The CTeate^risb ^ lively 

ductor is afforded^Lo far and then ^ 

substance succeeds: the li^htnino- i.* “®“lating 

veyed a certain waV with^ase but b.^fI and con- 

sage by yiolence, ol by foin- ouf nfL^®" *° P«®' 

with some tolerable cmaduetor I to meet in 

"S ssss'SUssi'Srr-' s 

good conductor to carry’it auif/w ^ot^ a sufficiently 

Mot standing' near it. ^ The tree ^ reason for 

pieces, and a portion of the shivered to 

other objects. '121 a forest communicated to 

intervening- matter, livino- a large mass of 

no. Fo?makin- obi^waW? ' P^®®,^^^^iarmed. 

.conducting rod is Ssed • but i? ha? ^ 

Iated,so that it may receive all ittt f 

iuay leceive all Its excitement from the air 
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neithei’ give to the earth nor receive any from it. In the 
Electrica,! Observatory at Kew, kept tinder the charge of the 
®^tish Association, the principal conducting rod is a conical 
■tube of thin copper sixteen feet high, and projecting from the 
cupola of the building. It rests below, within the cupola, on 
a very s^’ong hollow glass pillar, which is the means of insu¬ 
lating it and the insulation is very much increased by a 
lamp, which heats the inside of the glass, in the manner 
already shown in the electrical machine. There is a certain 
temperature which renders glass almost a perfect insulator; and 
although this temperature cannot be given to the whole of 
the pillar, yet if the lower end is heated higher and the upper 
end lower, there will be.some intermediate portion which will 
have the exact degree for insulation; and this portion will 
resist the passage of the electricity as well as if the same 
degree were^ maintained through the whole lengTh. A pair 
of line platinum wires are soldered to the upper end of the 
conducting rod ; and to increase still farther its attraction 
for the electricity of the air, a lamp is also suspended at the 
top, and kept burning. It is found that flame has the power 
of rapidly receiving or dispersing electricity. The apparatus 
for lowering and raising the lamp is a silk cord running up 
the hollow of the rod, and attached to it alone. Thelow'ei' end 
of the rod branches out into four brass arms in connection 
with electrometers, which constantly exhibit the strength of 
its charge, and show whether it is positive or negative, 

111. The aurora boi’ealis has been supposed to be a case of 
faint lightning discharged far in the upper an, where the 
raidty is so great that it may flash over great spaces, as we 
see in an exhausted receiver. But the coincidence between 
the aurora and distractions of the magnetic needle, render it 
likely that it is some manifestation of magnetic, rather than 
thunder and lightning, storms; which is confirmed by the 
north and south, direction of the streamers. This, however, 
and indeed the whole subject of atmospheric electricity, is as 
yet very imperfectly understood- 

SOUnCES OF ELECTRICITY. 

112. Hitherto we have regarded friction as the source of 
electrical ^excitement; but there are many other ways of 
evolvinp- it.^ In g-eneral, all disturbances of the molecular 
state of bodies, whether mechanical or chemical, are liable to 
produce electricity. All the sources of heat (as well as heat 
itself), are sources of electricity. We shall now enumerate the 
various sources in detail 
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1st, Cleavage ^and breakag'e of bodies is a source of elpf 
tricity. If a plate of^mica is rapidly cleaned in tbe dark" 

^ {eeble^pbosphorescenfe flame, and xv^^nd 
that the ^o faces have become charg'ed with ODDosite pIa^* 
toczties. From tliis it appears that crystals haveTpIrmaini 
polarity m them particles, which is converted into^S ellc- 

f the same wSv, il we 

to be^electric. ^ sulphur, or pound it to pieces, it will be seen 
« ^ two substances have been adhering- toefeiher bv 

if they are suddenly broken asu&er the? 
show electricity on the separated faces. If we pour meltp? 

t± to be“/ while soft, stick i/toTt r±ss 

a handle to the mass, and leave it to cool^and 
contracted an adhesion for the g-lass -If 
^ IS now abruptlydrawn out, so as to break this a<fiiesion it 

surfaces are electrified ’ 

cr^al^STd'w^^ 1 “ ioai or other 

1 T cleavag-e, and press them tof^-ethpi* ath/i 

aelu^ed’elTc- 

with^like surfa*s Lemiffc’ ol wo^od b^”’ 
Ind’^efstef "orf^ 

the ^ 

■will be neg-ativa, the resrn^ silt I “ ‘he metallic disk 

l5S®“l’t wafSe“ 

spai-^ and a^few othe^ShieraTs^ b*e“^ “ystal of Iceland 

with the ling-ers: but the propert?Ts\hown * t ’’T P^essiiig: it 

pnei-al; both g-ood and hid cond^etoS 5"e si^a*’oJ 
tncity under pressure. Iii irialrTr^c^ ^ • sig^ns of elec- 

stances used are cut into ver-ir thf ®^periments, the sub- 
islaid upon a dial V “h an to^ul «a«h 

pressed together by holdin.- n h»“<He; they ai-e then 

ef-cork, fo? exam%, >essfd 

causes the first toWye nositive^hff of caoutchouc, 

erystallised minerals o/rtraT,J.,^ negative electricity. 
Ph&e of lime, arrp7sftiye‘Xrp“^^^^^^^^ 
fruit, such as an orano-A ai>A ^ ^ oy cork. Slices of 

enhst^ces pressed is a good conluctor a met'l 
and the other an elastic subst^nAA^^oo for example--^ 

will be produced; the electricit-o- °f pith, no effect 

chai-ged before the two sSfeoes^m ‘*‘8- 

discharge is the cause of thrnnlliJi. s^arated. That this 

la* ssK.trirJs siz 
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for wiem the cliarg'e of two surfaces is tested by the tor¬ 
sion electroineter, it is found mucb feebler tban when tbe 
operation is quickly performed. 

114. Tbe two surfaces must have a difference of character 
kind or other in order to become excited by pressure, 
liilwe ta^e a well-dried cork, and cut it across the middle, 
ahd press the two pieces tog’ether by the insulating* apparatus, 
we may in some instances find an entire absence of excite¬ 
ment. ^ But if one is heated, or receives a higher tempei’ature 
than th^ other, a charge will be communicated when they are 
pressed'together; the colder being positive, and the warmer 
negative. If the one surface be rough, and the other smooth, 
this difference will suffice to develop electricity, although both 
should be of the same material and of the same temperature; 
in'this case the smooth surface will be positive, like the cold 
surface, and the rough surface negative. 

Zd, Friction ,—is the source commonly used in the 
electrical experiments. But ip. these we confine ourselves to 
the friction of a very few substances; as the rubbing of seal¬ 
ing-wax and glass rods with cloth, and the action of the glass 
cylinder of the machine Ppon a mercurial solution of zinc and 
tin. In order to investigate and explain the Gause of the 
excitement of electricity by fi’iction, it is necessary to go over 
a wide range of materials, and determine the precise effects 
of each pair when rubbed together. It is found that, except 
where the two faces rubbed are perfectly identical in charac¬ 
ter, electricity is always evolved by friction. In good con¬ 
ductors, it is necessary to insulate well the pieces rubbed, to 
keep the excitement from being carried off and lost. With 
this precaution, all the metals may be made electrical by rnb- 
bing them either on one another, or on non-metailic bodies. 
When disks of different metals are taken, it is found that there 
is a certain fixed order that determines which becomes posi¬ 
tive and which negative. Thus, in the following seines, each 
metal is negative when rubbed on any one following it, and 
positive when rubbed on any one preceding it:—-bismuth, palla¬ 
dium, platinum, lead, tin, nickel, cobalt, copper, gold, silver, 
iridium, zinc, iron, cadmium, arsenic, antimony. Supposing 
we were to take a surface of platinum and a surface of iron, 
the platinum would be negative, and the iron positive; and 
so on with any other pair we choose to select. To produce 
the strongest possible indications of excitement, it is necessary 
to rub quickly with large sweeps, that the parts exciting one 
another may be separated as soon as possible; the farther the 
» separation, the less the disposition of the two exeitements to 
join again at the place of contact. When the agitation off 
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tEe surfaces is pi’oduced bjr throwing* the powdered particles 
of a metal on a plate of the same, the effect is like that of 
pressing or rubbing an unpolished on a polished surface-*-the 
powder is positive, and the plate negative. ^ 

115. In general, when bodies are rubbed od one another 
the one which suffers the greatest agitation of its p^^ticles is 
negative; so that roug*hness, high temperature, and extent 
of rubbing, all increase the negative tendency. If two white 
silk ribbons, taken off the same piece, are rubbed across one 
another, the one that is moved in its whole leng-th across the 
breadth of the other will be positive; and the other, which 
has experienced the most intense action, will be negative. 
The heat evolved will also be greater in the one rubbed across* 
and this will add to its negative character. If a white ribbon 
is rubbed on a black, and if the friction is equal on both, the 
first will he positive and the second negative, showing that 
the black dye causes the particles to experience mox’e agita¬ 
tion, or else become hotter than in the white ribbon,. 

116. The tension of the electricity increases with the pres¬ 

sure and the rapidity of the motion. JBut there is a limit to 
the tension which cap be produced in any machine; for the 
tendency of the opposite electricities to come together, and 
make a discharge at the place of their origin, increases as the 
tension increases, and at last becomes as great as the power 
employed to separate them. ^ 

^icmge of Temperature.^lt has been observed that the 
tourmaline showed eleGtrical excitement while in the act of 
hating or cooling, whereas it ds perfectly free from electricity 
while remaining at the same temperature. It always possesses 
two poles opposite in their excitement; by heating, these dis¬ 
play a certain polarity, which in cooling is reversed. The 
development of the electricity seems to result more imme-^ 
diately irom the expansion and contraction caused by change 
of temperature. The topaz, boracite, and several other mine- 
rals, nave the same property. 

117. ^ The production of electricity by heat coifstitutes a 
^para.te branch of the subject ; namely, Thermo-Electricity. 
Onemical actions are also sources of electricity, but the con- 
sideration of these belongs more to Current Electricity than 

head. The sources above given are such as 
jaeld the mtehse and Stationary excitement whose charac¬ 
teristics we have hitherto been engaged in desciibing. 



VOLTAIC ELECTEICITY. 

118. Galvanism was tlie name first given to the electricity 
produced in constant currents, feeble in intensity, and great 
in quantity; but it is now agreed that the discoveries of 
Volta (and not of Galyani) were what really constituted the 
foundation of this science; it is therefore entitled Voltaism, 
or Voltaic Electricity. 

119. The original experiment of Galvani that excited atten¬ 
tion upon this subject, consisted in convulsing the legs of a 
frog, by making a circle with two metals, and the leg between 
them. Thus, in the 
figure, EFB are the 
legs of a frog, Z is a 
rod of zinc connected 
with the nerve which 
ramifies in the legs^ 
and C a rod of cop¬ 
per touching the rod 
of zinc at one end 
and the muscles of the two legs at the other. The circle is thus 
composed of four parts—zinc, copper, muscle, nerve. When 
the circle is completed by bringing the two rods into contact 
at A, after their other ends have been properly connected 
with the limbs, a convulsion takes place; the sudden contrac¬ 
tion of the muscles throws the legs out into the position 
But the very same effect is produced by a discharge of common 

lolectricity passed through the nerves and muscles of a limb: 

An Volta declared that, in the case of the two rods, a current 
lectrieity was generated ; and he inferred from the cir- 
stance that the contact of dissimilar metals was a source 
of electricity; &d, working on this idea, he originated the 
voltaic pile, which is a series of pairs of plates of dissimilar 
metals, witlx a moist substance between each pair. He as¬ 
serted, fui’ther, that the bare contact of the metals is the ex¬ 
citing cause of the electricity : but this has been disputed and 
denied ; and it is maintained in opposition, that a chemical 
action of some sox’t is the origin of the electxdc current. The 
latter supposition, if it does not explain everything, is at least 
the most tenable of the two; and we shall thei'efore commence 
by enumei'ating the various chemical actions which lead to 
the production of currents. ' 
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120, If we plunge into nitric acid, one after the other, the 
ends of the two wires connected with a voltaic electronaeter 
(to be afberwarda described), electrical excitement is lliadd 
appai’ent. The wh’e first immersed is seen to have positive 
electricity, and the other negative. If both were immersed 
at the same instant, probably no electrical action woijild arise • 
but the successive plunging causes the first to be oxidised’ 
while the other is as yet untouched, and the difference of the 
acid's action on the more and less oxidisel tvires suffiSs 
to give birth to an electric current. This may serve as an 
example of the circumstances that determine whether a che¬ 
mical action shall evolve electricity or not ; it coincides 
moreover, with what has already been stated as to the neces¬ 
sity of some inequality in the kind of materials used in order 
to bimg forth an excitement. 

121. When an acid combines with an alkali, the acid 
acquires positive and the alkali negative electricity. Thus 
It a platinum capsule, containing a solution of caustic potash 
IS put in connection with one wire of the electrometer, and i| 
a piece of platinum, connected with the other wire, is mois¬ 
tened with nitric acid, and plnnged into the potash, there 
appears instantly the indication ot a current, such as to show 
that the capsule with the alkali is negative, and the slip ot 
platinum^with the acid positive. Thus one of the most com¬ 
mon ol chemical actions is a distinct source of electricity. 

122. But solution, apart from chemical combination, is a 
source of electricity. If nitric acid is brought into contact 
withmuiuatic (or hydrochloric) acid, there is^ 

bination in the highest sense, there is merely solution (as when 
alcohol IS mixed with water); yet a current arises, and the 
nitric ucid IS positive and the other negative. Phosphoric acid 
w positive to all the other acids, as well as to alkaline solutions. 
When acids are dissolved m water, thev are positive and the 
watei negative; when alkalies are dissolved in water, they are 
the water positive: so that water is like an 
A like an acid to alkalies. * The 'apparatus 

cuiTent m these cases is the cap 
already mentioned: the capsule contains the water, 
^ t electrometer; the 

^ platinum pincers connected 

and of spongy platinum is used, 

and then plunged into the water. 
nGutfflV^«f+« ^ <iouble decompositions of 

another, and 

.xchan^e acids and alkalies, making two new salts, is remark-. 
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able for g'i'v’ing'rise to no current of electricity, proyided the 
quantities are exactly proportional, so as to leave no excess 
of aiiy eleinent. 'There can be no doubt that electricity arises 
i^l, some of the stages of the operation of decomposing and 
(pbinbining, since either of these actions separately always 
.fields esmitement; it must therefore happen that the electri¬ 
cities evolved exactly neutralise each other. 

124. Since sii^ple solution, as well as chemical unions, gives 

it is necessary to discriminate in individual 
caies which of the two has actually produced a given cux^rent. 
This discrimination can be made, on the ground that a che¬ 
mical union always evolves heat, and raises the temperature 
of the mass ; whereas dissolutions generally cause cold, and 
lower the temperature. A delicate thermometer may therefore 
indicate which of the two actions has happened. 

125. In the action of acids and alkalies upon metals, there 
is apt to be a complication of effects. The simple action of an 
acid upon a metal is like that of an acid on an alkali; the acid 
is positive, the ^metal negative. But when an acid dissolves 
a metal, there is always the additional effect of the actioh of 
themewly-formed substance upon the liquid which the metal 
is immersed in ; this may he of the same character as the 
action on the metal, and may therefore strengthen the result¬ 
ing current, or it may be opposite, and weaken it. When 
there are two metals employed in one circuit, if both are acted 
on, their effects will contradict each other ; and the result 
will be only the difference of the actions : hence in the voltaic 
circuit, which commonly consists of two metals and a liquid 
between them, it is requisite, in order to produce the highest 
effects, that the one should be acted on and the other not. 
And in general, the great art in combining several chemical 
actions to evolve electricity, is tO;-make all the excitements 
that occur agree with, and not oppose, each other. 

126. If two different metals are plunged into the same 
liquid, the one will probably be more attacked than the other; 
hence the one most attacked will be negative, and the liquid 
positive, which will render the other metal positive likewise, 
in spite of its own tendency to become negative. Now, as 
the metals differ very much in the quality of being acted on 
by acids—some, such as zinc, tin, and lead, being very rapidly 
and powerfully comhined, and others, like platinum, gold, 
and silver, resist chemical action—-it is desirable to choose two 
metals from the opposite extremes. Thus zinc is chosen for 
the negative metal, and platinum for the positive, in order to 
yield the greatest amount of action. Copper, although far 
inferior in resisting power to the precious metals, is yet greatly ' 
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superior to zinc, and its cheapness causes it to be much used 
for the positive element of circuits. Thus, in the hg'ure letf? 
5? represent a plate of zinc immersed in a liquor c{§)al5e <S 

acting on it, and ca plate of copper * tW 
liquid will combine with the zmc, an|p 
give it a negative electricity, andbe its<?lf 
positive; the copper will also be acted oni 
but more feebly: and hence, instead of 
being negative, it will receive a positiv# 
excitement fi’om the intervening liquid | 
and act as a conductor to carry round th? 
positive current. When the plates have no 
connection outside of the liquid, each is 
attacked according* to the degree that it 
yields to the agency of the liquid; but when the circle’is 
completed by the wire wj joining the nnimmersed ends of the 
plates, the zinc is more attacked than before, and the coppei^ 
less attacked. The carrying round of the electric currents 
causes this effect. 
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127. If a di^ of copper and one of zinc are taken, and a 
wet cloth p^Lit between them, electricity %viU be produced**- 
the^zme will he negative, and the copper positive: if a wire 
IS brought from the zinc to the copper, an electrical 
will be established ; the positive electricity flowing from the 
zmc through the moist cloth to the copper, and along the 
wire to the zmc again; and negative electricity flowing m the 
opposite way, or from the zinc round the wire to the copper 
and from the copper through the cloth to the zinc The 
apparatus isnn piunciple the same as that figured in the pre¬ 
ceding article. Such a combination of zinc, wetted cloth 
and copper, makes a couple, or single circle of Volta. The 
acidVr containing a small quantity of 

Volta is an aggregation of these simple 
en^cles, so ordered that the same currents flow in the same 

"F *1“ pile, 

formed with g-lass or wooden rods ending in 
plaeo on the bottom a disk of zinc s, then a^et 
cloth, then a disk of copper os upon the copper lay another 

Srnilfrew’ any number! 

zinc^below ^ “°PP«r above, as in a diskpf 

■uSitiVe”^',, will be negative, and the copper end 

Tositive, and if a wire is passed from the zinc to the copper, 
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the circle is said to be closed. Its action then rises to the 
highest pitchj and currents of the twc electricities circulate 
arouhd. The lowest zinc, itself negative, renders the moist 
above it positive, which transmits a 
positive current to the copper ; the copper 
passes thfcs to the next zinc, which trans¬ 
mits it by conduction, along with what itself 
generates, to the second"'cloth; the double 
Ibrce is passed to the second copper, and by 
it to the third zinc, which the copper touches; 
the third zinc communicates it to the third 
cloth, increased by its own action on the 
moisture of the cloth, and thus a threefold 
charge is carried to the third copper, and so 
on. On the other hand, a neg*ative current 
of equal strength circulates downwards, 
augmented at each step in the same manner; for the lowest 
zinc plate, while originating a positive chargee proceeding to 
the copper above it, sends a negative charge the other \^y; 
that is, by the conducting wire that goes from it to the upper¬ 
most copper, which transmits it through the wet cloth to the 
uppermost zinc, where another of the same is produced and 
sent downwards. Thus a double negative charge is passing 
down through the cloth second from the top to the second 
zinc, there to be reinforced, and sent to the third, and so on. 
The surface of contact of a plate of zinc and a film of liquid, 
is always understood to be producing the two electricities, and 
sending one off in one direction, and the other in the opposite; 
just as at the contact of the cylinder and cushion in the elec¬ 
trical machine. 

129. By such a pile the various electrical effects can be 
visibly produced. When the wires attached to the two ends 
are brought together, a spark may be seen. A shock is felt 
by passing the curi'ent through the body, which is done by 
holding a ^wire in each hand. Heat is also produced at the 
ends of tlae wires where they touch. But to make the effects 
decided, a very large pile must be formed, extending perhaps 
to a hundred pairs or circles, each disk being the size of a 
crown-piece. 

130. The peculiarity of the excitement of the voltaic pile, 
and of voltaic currents generally, is their feeble intensity. 
This is the point of contrast between Voltaic and Tension 
Electricity. When a metallic surface, such as the coating of 
a Leyden jar, is electi’ified by the machine, the separation of 
the two kinds is carried very high, so that their tendency to^ 
come together is intense and violent. The standing accu- 
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iritilatioii at tlie two ends of a single pola,rised particle 
greater in Trnwidne-«^ectrkntj than'i any othei* kind." If ' 
we take, a jiarticle ^of eopper in the plate of a-voltaic cilfemt 
inid a par-tiel<?! of tinfoil in the coating of a heyden,'jar. the' 
second is immensely more charged than the first. 
tinguishing character of the voltaic electricity is ^ua?iMtg^n 
A large a-m,o'unt ‘Xif excitement of a foeble kitnf is generated''^i 
i»«d i-isisHeti ronnd tlie circle* Instead of highly charging tile ^ 
su|H-:‘rlicial particles of a metallic surfocse, it charges the ^tire 
softti nmsH with a low intensity, perpetnally renewed as,it is" 
taken olf. If till-* cur-rent is resisted by insiilation, the action 
does not goon l-ieighttming the tension of the charge, .but' 
ato|,iH altog<y;her. Wlien this dilforence in, the mechanical 
.character td‘ the elcctri<,';itieB of, frictiini and contact is allowed' 
-fV»r, they can be proved to he. identical in their .nature''ahd 
4‘tleCtH. 


lUI. 'The intfuiaity of voltaic electricity is greatest ■wheh - 
■tlie p'ilc is made !-ip of a very great mirnher of' small plates^,'.- 
Sup|it.>slng an ecpml atnount of surface of copper and zihi-, 
einiiloyiHi, ilie Hlnadv, smd other indications of a strong charg|p^ 
wi'iuki Im grinttei* if it were cut up into many small circlclll 
Ilian if it firmed a few large oiies. But the actual quantitjrl 
of the excitenitmt would he greatest with the large plat'll 
W« nhtill afterwards sec, that'"chemical and magnetic elfoo1j|| 
are the iiieinures of quantity inde|iandently of intensity.. Th|i 
tw’ci f|tialitie» may he compared to heat of di&rent temperaturesiil 
A tubful ol water at KX) .degrees .has, a greater quantity.oi' 
heat tbim a cupfol at 200, degrees; hut'the latter k .’thil 
tiioi'f* of the The «.miise of the gr(*atar intensity-'-J 

in the long pile; of many plates, is the resistance ojBferad hy^' 
the hutiftli of niol cimthuqhiv tluHOigh wdiiidi it passesj butfocih 
the finddeneas of the; exciting action^ this resistance" 

dinH.nlsht‘.H tlumpmutity that could he evolved. The presence', 
rrf tin* ■cxcltt*«-i*-‘Ut al-ri‘ady |-rroduced i« always a bar to the-,.: 
evolutitin of new excitenmi-it. If the excithig force be-of a; 
ciu'imn pi..nv*‘i% it will g<-i on raising the icnsiiA.i till The. latter 
litt-fi .become oi-mtrong as to equal the force;, at,thw point the 
iictlon uiim.t ci.cih*.*, "or the opposed electricitits will'be'com- 
Hi fiCHt as they are for.me.t'l, .j-f tliey are formed at all. . 

Blih .As,t.h'*.f pieces of cdoth beUveen the z/inc and copper of 
V«;.dia's etrt-;h:-,*s ii-re of no' -i,tse but to contain the acting sub-; 
.ftf-.itnee, -tliev imty \m dis-penaetl with, and the p,late8 inserted,-- 
,in SI ve'.:.a»| eolitiiluing tli« proper 'kind'of liquid. Volta, accord-;^, 
iindw nnole .an a'n-ni'hgenient that he calltid the 'Couronne de-S;'; 

(die crown «,.if'e«pK); wliich consists of a row of cups;;; 
o.q jiiis'ji 'llllril with ac-ii.|.whiled wiitc'r, and 'each containing X;. 




TOI-TAIO CIRCLES AND BATTERIES. 63 

coiipls of plates. Thus let A, B, B, E he four jars half-filled 
with liquid. Into the first is placed a zinc plate Z, and a 
plate G j if these were connected, a current would 
arise, as was formerly 
described. But instead 
of connecting* these, let a 
wire pasf frona C to Z, a 
^inc plate in the second 
jar, which contains also a 
plate of copper connected 
with the zinc of the third 
jar; and in like manner 
the copper of the third is connected with the zinc of the 
fourth ; the copper of the fourth would connect with the zinc 
of«a fifth; and so on. Xet a wire W proceed from the copper 
at one end, and come into contact with a wire from the zinc 
at the Other ; the circle is closed, and the action circulates. 
From Z to C in the first jar A, there passes throug-h the liquid 
a positive current, which is carried by the conducting* wire to 
the second Z, a^d at Z^s contact with the liquid joins a second 
charg*e, and both pass on to C, exactly as we described in the 
pile. In, the opposite direction a neg-ative curx’ent will pro¬ 
ceed, reinforced, like the other, at every plate of zinc. 

133. A more compact apparatus on the same principle is that 
called theTrough Battery. A trough of porcelain TT is divided 



by partitions into separate compartments or cells, each cell 
being^ intended to answer the purpose of one of the jars, oi- 
contain a paif of plates- The plates are suspended in a pie^ 
of wood A B, at the pioper distances, and connected with one 
another by metallic slips. The battery of the Royal Institu¬ 
tion, made under the direction of Sir Humphry Bavy, and 
used by him for hi^ celebrated discoveries of the compound' 
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nature of tie alkalies and earths, was of this form ; it consisted 
of 2000 double plates, and its acting- surface amounted to 
128,000 squai’e inclies. ' % 

134. Another kind of trough is formed by making the par¬ 



titions themselves the acting plates, A plate of copper dnd? a 
plate of zinc are soldered together, and each compound plate 
makes a partition wall, the liquor being c^ontained between 

135. Dr Wollaston effected an improivement on the galvanic 
trough battery by making the copper plates double, so that 
each enclosed a zinc plate, and faced it on both its sides. The 
action on the zinc is very much increased by thus enlarging 
the copper; for it is found that the energy of the circle 
depends not only on the metal attacked, but on the conducting 
metal. The greater the conducting surface, and the nearer 
it is to the zinc, the moi^e intense and rapid is the combination 
of the liquid with the zinc. In the circles made up of a single 
plate of zinc and a single plate of copper, the zinc is acted 
on only on the side facing the copper; but by Wollaston’s 
arrangement, both sides ai’e made to produce currents. The 
case is exactly analogous to single-surface electricity, where 
the charge taken in is entirely dependent on the capacity 
of surrounding surfaces to receive an opposite charge by 
induction. In so far as zinc is acted on by mere ordinary 
chemical action, the size and distance of the copper plates are 
of no moment; but the increase of action ^arising from the 
current in a closed circle, is in proportion to the quality and 
size of the metallic plate that serves as the conductor. 

the batteries above described have one especial 
imperfection among mmy others ; which is, that from the 
moment they ^ set in action, their strength constantly 
decreases. At the end of an hour, or two hours, their power is 
almost reduced to nothing. This is owing to the reaction on 
the plates of the products of the chemical combinations. It 
is therefore a great object to construct batteries (aa 

V well as to arrange the elements so ak to prevent the rise of 




VOLTAIC CIBCLES AlfD BATTERIES. 65 

conflictings currents), and otlierwise to heig^hten and economise 
the force of the battery. But the nature of the schemes which 
hav# been adopted for these ends cannot be understood with¬ 
out attending more closely than we have yet done to what 
goes on in the voltaic circuit. 

137. li^t us consider again a single copper and zinc pair 
immersed in a liquid ; and let the liquid in the first place be 
pure water. Let and <? be the two plates, 
and suppose a row of water particles to lie 
between them. Each water particle is a 
compouiifi of a particle of oxygen and a 
particle of h^^rogen; and it is ^most cer¬ 
tain that the following process is gone 
through when the conducting wire w 
arches the two plates, and closes the cir¬ 
cuit. A particle of water (1) is attracted to 
the zinc by its Oxygen constituent; the 
afl&nity of the zinc &r oxygen surpasses 
the affinity of hydrogen for oxygen, and the effect of this is 
to decompose the particle, and form a particle of oxide bf 
zinc, and leave a particle of hydrogen, producing at the same 
time a certain amount of free electricity; the oxide of zinc 
liaving* a negative charge and the hydrogen a positive charge. 
The negative charge 0 ? the oxide of zinc passes on through 
the metal plate z, the positively charged hydrogen is attracted 
to the oxygen of the next particle of water, and its electric 
state adds to its natural attraction for this atom of oxygen, 
and accordingly it overpowers the existing attraction that 
keeps the two elements together, combines with the oxygen, 
and sets free the hydrogen of No. 2. But this decomposition 
evolves a new charge of electricity, the water particle being 
positive and the hydrog'en negative. A third particle of water 
is decomposed in the same way, and a fourth; and so on till 
the plate of copper is reached. The last particle of freed 
hydrogen encountering it can decompose no further; it com- 
municates'its excitement by contact to c, and rises up to the 
surface, and is dissipated in the air; so that the conduction 
through the water is effected only . through a series of decom¬ 
positions and combinations, showing the mode whereby liquid 
particles receive and transmit polarity. The influence evolved 
at the zinc is necessarily weakened by having to operate so 
many actions; and it is found that the greater the distance 
between the two plates, the weaker the current is. Even if 
nothing were absolutely lost at the transmigration of each water 
particle, there would be a delay, from time being necessary to, 
all motions, even the quickest; and delay would be resistance. 


w 
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138. It is foiind that a charged with pure watex*, such 

as the ahove, is very weak, and soon ceases ; bnt if a small 
quantity of sulphuric acid is added, its energy is renewed©and 
quickened. The oxide of zinc foi'med on the plate stands 
between the water and the pure metal, and the action is 
thereby arrested; but the sulphuric acid combines ?«rith and 
dissolves this oxide, and exposes a clean surface for the fur¬ 
ther action of the water. But the combination of the sulphuidc 
acid with the oxide of zinc is itself a source of electricity^ 
the same kind as the water action^—that is, it makes the 
negative and the liquid positive ; this is, therefoi'e, an a^ditipix 
to the force. But an unfortunate drawback belon^lto the 
acid action. The dissolved sulphate, by being made positive, 
has an attraction for the copper plate ; for this plate, while 
receiving a positive excitement from the zinc through the 
liguid, is returning or radiating ibrth a negative current 
through the zinc, thus presenting an attraction for all posi¬ 
tive mements as well as for the hydi'ogen. The sulphate of 
zinc is therefoi’e drawn towards it; and as it cannot g*o off in 
air bubbles like the hy^pgen particles, it sticks and deposits 
a coating on the plate, ^wliich mars its conducting power; so 
that what was good in the beginning is in the endr an evil. 

139. Another source of weakness occurs in the contact of 
the hydrogen with the copper. The attraction of these two 
elements is essential to the maintenance of the cui’rent; but 
the same attraction that brings the hydrogen close keeps it 
there, and constitutes a resistance to the succeeding portions. 
It would he well that the hydrogen could be got lud of the 
moment it touches the copper, instead of adhexdng and stag¬ 
nating, and occupying the ground which other particles ai'e 
pressing forward to seize. Now it is found that fhe addition 
of nitric acid to the sulphuric acid and water, sei’ves to absorb 
the free hydrogen, and in this way proves an accession to the 
strength of the curi^ent. But the addition of any new ingTe- 
dient leads to a new series of actions, both from its chemical 
agency and fi'om its contact with the other'‘elements of the 
solution; these new actions b6ing sometimes with, and some¬ 
times against the general current. By using sulphate of 
copper alone, in addition to the water, the hydrogen may be 
absorbed; the sulphate will be tuimed into sulphuidc acid, and 
copper, which the hydrogen displaces, deposited on the coppex» 
plate, thus maintainihg a clean and ever-^i*enewed copper sur¬ 
face. The hydi'ogen, when not absorbed in such a way as 
this, is very apt to act upon the compound of zinc dissolved 
in the liquid, and reduce it upon the copper plate, making 
a second zinc surface, whereby the action must soon come to 
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a stand altog-etlier; fox‘ two identical plates can yield no 
excitement. 

1490. In the forming* of constant batteries there are two im- 
proTements which have been of especial value. The first is the 
amcdgamation of the zinc, or the coating of it with mercury, 
thereby presenting a combination of zinc and mercury instead 
of pure zinc. This is found to diminish to an extraordinary 
degree the waste of the zinc, or to produce an equal amount 
.^;electricity by a much smaller consumption of the acting 
♦ffl^tal. It is not well understood in what way the mercury 
cqntrihutes to this effect. We have a parallel to it in the 
rubber, the electrical machine, which is an amalgam of zinc 
and tin| and far surpasses in effect any other material that 
co^uld be used; but in neither case is it clearly known what 
action goes on. The only supposition that has'been made as 
to the way in which the mercury saves the zinc in the voltaic 
circle, is that it takes away local curx'ents—that is, the naked 
zinc plate is conceived to produce currents which come round 
to itself instead of proceeding to the copper, and thus deti’act 
from and contradict the general effect*!^ 

141. The second great improvement*'in batteries is the use 
of diaphragms^ or porous and permeable partitions between 
the zinc and copiper. These are intended to prevent the dis¬ 
solved zinc from passing to the Copper plate, to be pi*ecipitated 
or reduced there. The partition must, however, allow a free 
contact of the liquids on each side of it, otherwise it would 
arrest the action altog'ether. Many kinds of material have 
been tried as diaphragms, it being somewhat difficult to find 
a substance which will allow the liquids on each side to be in 
contact within its pores, and at the same time keep the one 
from passing through to mix with the other; besides having* 
Other virtues, such as not to become closed up by the precipi¬ 
tation of the salts, not to contain bad conducting material, 
^nd not to produce currents from the action on their own 
ingi’edien^s. Bladder, tanned leather, pasteboard, cloth, thin 
slices of vrood, clay, porcelain, &c. have been used, and each 
has its disadvantages. 

142. The Constant Battery^ introduced by Professor 

is constituted as followsEach cell or separate circle is of 
the form of a cylinder, whose construction will be understood 
by the figure, which is a section down the middle : ah ad is 
the outer cylinder made of copper; it is open at the top, but 
closed at the bottom, except that there is an aperture which 
receives a cork containing the end g of a glass syphon tube 
ghijh. Oh the top a a copper collar Imon rests upon two- 
horizontal arms ^ h o. Between this collar and the cork 
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neck at the "bottom, a cylindrical diaphragm is stretched^ 
made of ox-gullet, and forming an internal cavity connected 
at the bottom with the syphon outside. In this cavity thdl^e is 

placed a rod of amalgamated ziiic ^ 1 ^, 
suspended from 7 * 5 , a piece of wood 
lying over the rim of the diaf)hragmj 
Into the same inner cavity of the 
diaphragm is poured acidulated 
water, which surrounds and acts on 
the zinc ; around the diaphragm, in 
the outer cavity, there is contained 
a solution of sulphate of copper. 
The action of the cell is this : the 
acidulated watex' acts on the zinc 
I'od, and excites electxncity, at the 
same time dissolving the zinc, and 
forming a salt of zinc within the 
diaphragm; this, from its being 
heavier than the other liquid, sinks 
to the bottom, and passes into the syphon, and is carried 
off if new liquor be added from above to give a sufficient 
pressui’e. In this way the product of the action on the zinc 
IS got quit of. The voltaic current is freely allowed to 
pass through the membrane to the outer cell, and deposit 
hydrogen on the copper cylinder; which hydrogen, acting 
on the sulphate of copper, is absorbed by it, and displaces 
metallic copper, which is deposited on the cylinder, the sul¬ 
phate being converted into sulphuric acid. A coating of its 
own substance is thus continually forming upon the copper 
cylinder, keeping it always fresh and new. To renew the 
waste of the sulphate of copper, a few solid ci*ystals ai’e sus¬ 
pended in connection with the liquor of the outer cell, which 
are dissolved as they are required. A battery formed of such 
cells is found to maintain its sti'ength without diminution for 
many hours ; it also prevents many of the soijrces 0 / waste of 
power that wei’e present in former' batteries. The power of 
the battery is found to increase with the temperature; but to 
work it at a high heat, a porcelain diaphragm must be substi¬ 
tuted for the ox-gullet. In subsequent batteries the syphon 
was 'dishsid. .,v 

143. A fbd of zinc, in a cylin^r of copper, is the best form 
for producing the greatest possible action on the zinc ; the 
latter is confronted all round with a surface of copper, and is 
therefore acted on equally on every side. A rod and cylinder 
could he surpassed only by a hall in a hollow sphere, which 
would not be so convenient. 
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144. Batteries have been formed by circles where the 
^isppper and zinc were rolled np in a spnal, thus affording* a 
lai’ife surface in a small solid bulk. It has already been men- 
fiohed, that in order to g-et the electricity in greatest possible 
'■quantity, circles of large surface ai'e chosen. 

* 145- ^rove^s battery is of the same general construction as 
IlanielFs; but instead of copper, platinum is employed, 
w^hich, being of all metals the least oxidisable, makes the 
best conducting plate for a circle. Zinc and platinum form 
the most powerful couple that can be used. Accordingly, 
Grove makes the outer cylinder of the circle of platinum, and 
the diaphragm or intermediate cylinder of porcelain, which 
contains the amalgamated zinc rod. The outer cavity between 
the platinum and porcelain cylinder is filled with nitric acid, 
and the inner cavity around the zinc with dilute sulphuric 
acid. A very powerful current is generated by this arrange¬ 
ment; and although of an expensive construction, from the 
employment of platinum, it has come into general use. The 
action is of the same nature as in Daniell’s circle. The zinc 
is oxidised and the oxide dissolved in the sulphuric acid ; 
sulphate of zinc being thrown down, bnt confined by the pai*- 
tition within the haner circle. The positive current passes 
from the inner to the outer liquid, and hydrogen is evolved at 
the platinum, and taken up hythe nitric acid. There is no 
metallic deposit of any kind; but both liquids are changed by 
their actions, and require to be renewed from time to time. 

146. The principles which determine the quantity of elec¬ 
tricity evolved in a circle or battery have been reduced to 
precise mathematical theorems by Professor Ohm. The fol¬ 
lowing are the general statements on which the theorems are 
founded 

The quantity of the current depends on the tension or 
strength of the electricity, and on the goodness of the con- 
ductora, or the absence of resistance to its passage. 

The strength and quantity of the current depend, in 
the first |)lace, bn the material used in the circle: the greater 
the affinity of the acting plate for oxygen, and the less the 
affinity of the conducting plate for oxygen, the greater the 
action. In the second place, the result increases with the 
size of the plates, particulaidy the conducting plate; it is of 
no use to increase the zinc surface if the copper or platinum 
surface remain the same. 

* The I'esistance in the circle is, first, that of the fluid con¬ 
ductors in the cells; and second, that of the solid conductors, or 
the wires that close the circuit. The smaller these resistances 
the more powerful the current. 
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The resistance of the fluid is in proportion to the thick¬ 
ness of the layer between the plates. By placing* the plates 
'very near, tlie enclosed liquid is so much thinner, andjless 

ojfAj’The resistance in passing* through the wires is as their 
length, and as their thinness. The shorter and thickgr a wire 
is the more easily does the current traverse it. 

6^A, The tension or strength of the electricity increases with 
the number of the plates. If the plates are few and large, jbhe 
quantity that could be produced is very great; but if ^|K<?re 
he much resistance, it is completely checked. Hence if 'the 
circuit is closed with bad conductors, or if the wires are long 
and thin, a battery of many plates is necessary ; but if the 
circuit is closed by good conductoi’s, and the resistance in 
every way small, a few plates will maintain the current, and 
produce it in considerable quantit;]f. isil 

147... The' conducting powers. of. the n^^^lfhemsdlves. are 
very unequal, supposing them made into willl of equal sizes. 
The following table expresses the comparative power's of 
several of them- 

Platinuro, . . 2*2 

Ii*on, * . . 17 

Mercury, . . 2*6 

Thus a copper wire of 1 Op feet offers the same resistance as 
a silver wire of 136 feet, or an iroiii, Wire of 17, all of equal 
thickness. Hence in considex'ing the resistance offered by 
the solid parts of the circuit, the material that it is com¬ 
posed of must be attended to. 

148. In like manner, there are great differences in the con¬ 
ducting powers of liquids. Distilled water is very weak com¬ 
pared with saline solutions, alkalies, and acids ; but the best 
of liquid conductors are very feeble compared with the metals. 

EFFECTS OF VOLTAIC ELECTBICtTy^. 

149. The voltaic current may produce Heat, Bight, Chemical 

T^fecbiliipsition^ and IVCeqhanical Pow^r, as well as actions on 
the:j^^llj-.Prame.: ■ ■, , 

150. The production of takes place when the cux'rent 
is resisted, but not entix'ely checked. Thus if the cii'cuit be 
closed by a bad conductor, and the tension high enough iievei'- 
theless to force a curi'ent through, the resisting* portion is 
intensely heated. It is a general rule, that when electricity 
is Interrupted, passes into heat. Thus if a powerful pile is 


Silver, . , . 136 

Gold, . . . 103 

Copper, . . . 100 

Zinc, , ... 23 
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closed by a thin wire, the latter is very soon turned red-hot 
and melted away. If gold leaf is made a part of the circuit, it 
is quickly heated a»d volatilised. Platinum, which cannot be 
melted by the heat of ordinary furnaces, yields to the voltaic 
pile. Iron and steel wire are melted and burned with the 
emission of brilliant sparks. Thus electricity is one of the 
means of producing very vhigh degrees of heat. In this action 
upon bad conductors we have one of the links which associate 
electricity and heat: a simple mechanical ch’cumstance suffices 
toV|q0nvert the one int^^^^^ other. The relative conductibili- 
tie^ bf metals and other bodies can he experimentallydeter- 
mii^^ by observing their rise of temperature when a current 
is transmitted : that which becomes hottest is set down as 
the worst conductor when other circumstances are alike. 

.151. The fusion of all the metals, as well as of many of 
their mineral compounds, can be effected by passing powerful 
currents throug'ifr^ltem when they are attenuated into leaves 
or fine wire. ; 

152. Light cBXi also he produced by the voltaic circuit, 
sometimes of very great brilliancy. The circumstance of its 
appearance is the Same as in machine electricity; namely, a 
disruptive discharge through a bad conductor. Of course 
when bodies are highly heated they become luminous, as a 
mere consequence of the heat. The metals, when made red- 
hot, or burned by electricity, have exactly the same luminous 
appearance as they always have when subjected to the same 
heating action. The instant that a circuit is closed by bringing 
the wires together, a spark is seen at the joining ; and if, after 
contact, the ends of the wires are kept at a little distance, a 
constant stream of sparks passes between them. But the 
greatest brilliancy of light is caused by making the wires end 
in pieces of charcoal, and bringing the points of the charcoal 
together. A dazzling spark is now produced ; and if the pile 
be powerful, a brilliant stream may pass from one point to 
another, while they are held a little way apart. In the 
course of 4he action, the charcoal points are worn away; a 
stream of particles constantly flows from the one to the other * 
and the light issues from these particles, as the white light 
of, a gas flame comes from the particles of oarbon which are 
thrown out into the flame, and remain there red-hot for an 
instant before being burned. When spai'ks are passed between 
metallic vp-ires or halls, it is founa that the surfaces are 
scathed, as if their outer particles were tom off and sent in a 
shower through the blank interval between the two. The 
disruptive discharge is always productive of mechanical vio¬ 
lence and heat, both on the surfaces of the conductors and on 
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the substance of the intervening* dielectric, and this may be 
the pi’imary cause of the spark. 

163. chemical action the pile in decomposing 
pound substances is the most important of all its effects, and 
is such as to render it a great chemical agency. The electric 
circuit is a medium whereby the power evolved v^ien tw 0 
bodies combine can be carried to a distance and made to sepa¬ 
rate a combination, or reduce a compound to its elements. 
This power was discovered in thes beginning of the present 
century by Carlisle and Nicholson. The first substance de¬ 
composed was water, which had been previously shown to be 
a compound, by producing it from oxjrgen and hydrogen 
burned together. The inverse process of reducing the water 
to its separate gases had not been effected before. ''If the two 
wires of a battery are immersed in water at a little distance 
from one another, bubbles of gas appear at each. The gases 
may be collected by glass bells (adapted to the collection of 
gases) being placed over each wire. The wires are formed of 
platinum, which has no affinity for either gas; if they were 
of iron, the oxygen would combine with the point of the wire 
on which it is evolved, and form an oxide. The quantity evolved 
will increase as the wires are brought nearer; and it is in¬ 
creased still further by substituting metallic leaves or thin 
strips for the wires. Oxygen always rises at the positive wire, 
or the wire from the zinc; and hydrogen at the negative, 
or the wire coming from the copper or platinum end of the 
battery. The hulk of the hydrogen produced is twice that of 
the oxygen, which is in accordance with the proportions which 
combine together to produce water. 

164. The action which takes place in the water by a current 
of electricity passing through it, is a series of decompositions 
and combinations exactly like that described as oceuri'ing 
between the copper and zinc in the cell. The positive wire 
attracts a particle of water by its negative atom, the oxygen, 
and with a force that overpowers its attraction for the hydro¬ 
gen atom, which is set free with a high negbitive charge; by 
this charge the hydrogen acts on the next oxyg’en atom, and 
draws it away from its hydr'Ogen, making a new particle of 
water. The hydrogen, now set fi*ee, goes to a third water 
particle, and decomposes it; and so on till the other wire is 
reached, which, bein highly positive, the hydrogen ulti¬ 
mately comes upon it, and is canned oiiV so that although 
decomposition passes all through, the gases are set fi*ee omy 
at the wires. Here, then, we have the electricity given forth 
by the combination of zinc with oxygen in the cell, passed 
along and expended in overcoming the affinity of the two 
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elements of water for each other. In this case we may say 
that electricity and chemical affinity are one and the same 
thiBig' ; the electricity is, in fact, nothing* else than chemical 
affinity set free and conducted round a circle in a current, to 
act as such in another place. The remarkable thing is, that 
tire chespical polarity is transmissible through metallic con¬ 
ductors, as well as thr-ough compound substances, where it 
acts strictly in its own character. 

155. When Sir Humphry Davy had constructed the Royal 
Institution’s large battery of 2000 plates, he applied it to the 
decomposition of bodies, and discovered that the alkalies, such 
as potash and soda, resolved themselves into oxygen and a 
metal. The earths (lime, for example) were similarly decom¬ 
posed. The discoveries of Davy have been extensively fol- 
loVed up, and the conditions of electrical decomposition accu¬ 
rately ascertained. It is not all compounds that can be 
decomposed by the voltaic battery. 

156. The term electrolysis is applied to decomposition by 
electricity f analysish^in^ the term used by chemists for ordi¬ 
nary decomposition. Bodies which can be decomposed by the 
GuiTent are called Electrolytes. 

1st, The first principle of electrolysis is, that the compound 
must be in a liquid Solids are not decomposable. Ice, 

for example, resists the most powerful currents. Hence if a 
solid body is insoluble, it must be melted, and in that state 
held between the poles of the battery. 

2«:?, The second principle is, that the elements always take 
a definite direction. The oxygen g'oes uniformly to the posi¬ 
tive pole, and hydrogen or a metal to the negative. IJpon 
this tendency substances are classed and set down as posi¬ 
tive or negative in character, according to the pole to which 
they go. Thus oxygen being attracted to the positive pole, is 
reckoned an electro-negative substance ; hydrogen and metals 
electro-positive. When a salt is decomposed, the acid g*oes to 
the positive pole, the base to the negative. If sulphate of 
copper, fdr example, were taken, sulphuric acid would appear 
at the positive pole, proving itself to be electro-negative like 
oxygen. 

ha, In the third place, the chemical actions are equal to one 
another; the combination which originates the electricity is 
exactly equal to the decomposition that it can cause. A cer¬ 
tain amount of zinc, oxidised and dissolved, will yield an equi¬ 
valent amount of decomposing force; or should, if the con¬ 
duction were pei'fect, decompose exactly the same quantity of 
oxide of zinc. When substances are combined together in 
chemical union, there is generally an evolution of heat or 
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aectricitr, as if less of these was required in the 
than is contained in the substances in their separate stale. 
Accordingly, when a compound ia decomposed, whateveiftwas^ 
ffiven out at the time of its formation is taken back again;’.so 
that while combinations give forth certain influences, deco^a- 
nosition absorbs these. And in the voltaic circuit, it-jis lound 
that the decomposition between the wires is exactly measured 
bv the amount of material consumed in the cells, according to 
t4 scale of atomic proportions. It is precisely analogous to 
the case of what is termed the double decorwpos^dton qf . 

Ath. None but simple compounds can be decomposed, yohir , 
plex compounds, such as sulphuric acid, nitric acid, peroicm^^r 
and perchlorides, a,re not decomposable by the current . A 
toxides and protocblorides, or the combinations ofti|ft^ls: 
with the lowest proportion of oxygen and chlorine, represeilit 
the decomposable substances. Chlorine, like oxygen, is an 
electro-neo-ative element : when it has been combined with 
hTdroo-enlhydrochloric acid), or with a metal, it is evolved 
at the positive wire of the circuit. The elements of hydro¬ 
chloric acid are sonietimes used to designate the two consti¬ 
tuents of an electrolyte: the atoms that pass to the positive 
pole are called the cJilovous molecules ; the others, which pass 
to the negative pole, are called the molecules. 

The affinities of the most opposite substances are the 
most liable to he overcome by the electrical current. Thus 
oxygen and the metals are reckoned intensely opposite in 
their character, and hy virtue of this opposition, their chemical 
affinity (which is regulated on the principles of polarity, 
where opposites attract) is intense; and the actionm elec¬ 
tricity in counteracting this affi.nity is also decided* Chloride 
of sulphur, which is a compound of elements not much 
opposed to each other, is not decomposed hy electricity. 

157. The shock of the voltaic pile differs from the discharge 
of a Leyden jar ; the electricity of the pile being of feeble in¬ 
tensity, it does not give the blow received from the jar. The 
greatest shock is derived from the pile of m&iiy plates. If, 
after moistening the hinds in salt water, to heighten the 
conducting power of the skin, we grasp the two wires, one in 
each hand, a shock is felt at the first contact, and then a 
heatink current up the arms, and a tingling sensation in the 
hands. Jl shock is also felt at the separation, arising from 
the sudden return of the polarised fibres of the arms to their 
natural state, if the tongue is placed between two wires, or 
between a piece of zinc and a piece of silver which touch one 
' another, a bitter taste is felt. When a current passes in any 
way through the eyes, a flash of light is seen. When strong 
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vpltaic batteries are disdiargred throthe bodies of animals 
rOdently dead, their limbs and features are convulsed and 
mad^alive in a hideous way. Experiments have been made 
executed criminals, which showed that electricity could in 
some deg-ree act the part of the nervous currents in moving’ 
the bodilv organs. By stimulating the nerves of the lungs, a 
laborious nreathing was I’ecommenced; by passing currents 
through the nerves of the face, the features moved and 
stretched themselves out into horrible grimaces; when one 
wire was connected with the hip and another with the heel, 
th^ leg, if bent, threw itself out with gi’eat force. In the 
sair^e way the fist could be closed or the hand opened by 
tib^ehmg^the proper nei'ves with one wire and the points of 
the rfisi^g^’s with the other. These results are only extensions 
of the ■original experiments of Galvani. 

APPLICATIONS OF THE VOLTAIC CURRENT. 

158. The first practical application of voltaic electricity to 
the arts, was the protection of the copper bottoms of ships 
from the destructive action of the sea water. Sir Humphry 
Davy suggested that nails or wires of zinc should be fastened 
at intervals on the copper plates, which would cause a circuit 

, to he formed of copper, zinc, and salt water. In this case the 
copper would cease to be acted on by the water, and would 
serve as a conducting plate to the zinc, which would be the 
substance wasted. Ihus a small expenditure of zinc would 
come in place of a great expenditure of copper, A piece of 
zinc, equal to the head of a small nail, was found sufficient to 
protect between forty and fifty square inches of copper. , The 
value of the application was, however, neutralised by a conse¬ 
quence which had not been foreseen. The protected copper 
bottom rapidly acquired a coating of sea-weeds and shell-fish, 
whose friction on the water became a serious resistance to the 
motion of the vessel, and it was discovered that the bitter 
poisonous taste of the copper sui’face, when oxidised, acted 
in preventing the adhesion of living objects. The principle, 
however, has been applied with success to protect the iron 
pans used in evaporating sea water*. 

159. The greatest application of the voltaic circuit is the 
'Electrotype; ot the process of multiplying impressions of 
medals, coins, engraved plates,, busts, Acc. which was developed 
about the same time by M. Jacobi of St Petersburg and Mr 
Spencer of Liverpool. It is founded on what takes place in 
the circle of Daniell, where a solution of sulphate of copper is 
in contact with the copper plate, and deposits on it metallic' 
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copper. If the original plate were of a aertain form, the de-*- 
posited plate would exactly fit it; and if the latter could be 
taken olf whole, its surface would be exactly the reverse #1 the 
former. If the one were a coin in relief, the other would he a 
coin with a hollow impression. As the copper is deposited in 
a shower of the finest particles, it must completel^^ enter. all 
the depressions and lines of the plate, and form a surface so 
faithfully exact in its correspondence, that no human percep¬ 
tion could discern a difference. The requisites of the process 
are, that the thing to be copied shall have a metallic surface, 
so that it may become the conducting plate of a circle—-that 
something be done to prevent the coating’ from adhering too 
strongly to the orig'inal—and that the deposition should. be 
so conducted that the deposited plate may have a close 
metallic texture. 

160. The first discoverers confined themselves to the copy¬ 
ing of metallic surfaces, such as copper plates and coins; but 
a method has been found of copying plaster of Paris, wax, 
wood, or any non-conducting substance, by covering the sur¬ 
face with black lead—-a form of charcoal, which answers the 
purpose of a conducting plate. 

161. The apparatus for copying a medal or coin consists of 
a cylindrical vessel, containing in it another cylinder of 

porous porcelain to serve as a diaphragm. Thus if 
A is the outer cylinder; H is the diaphragm, 
which contaihs the zinc plate Z immersed in 
acidulated water. The outer space is filled with 
sulphate of coppei', and in it hangs the original 
medal M, connected by an arching wire W with 
the zinc, and making a voltaic circle. The medal 
is covered over with wax or grease behind, and 
on the edges, or wherever the copper is not to be 
deposited. To pi’event inseparable adhesion, the 
face is covered with a slight varnish. The action 
of the circle then precipitates copper on the 
naked surface of the medal, anti goes on adding 
tb it as long as may be desired. If the action is slow, the 
coating is so much the harder. To make a good impression 
of tolerable thickness, one or two days are allowed. If the 
hollow impression thus derived is put into the circle, and 
itself coated, a surface will be produced in relief^ which will 
be a perfect fac-simile of the original coin. To save the double 
process of making first a hollow and then a relief, a cast of 
the original may be taken in wax or plaster of Paris, or other 
fusible material; this cast will then receive a surface of black 
lead, OP of fine copper bronze, which can be laid on with a 
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brusli. It is now a conductor, and may be inserted in the 
circle to receive a deposit, which will exactly resemble the 
original object. 

162. To make gold or silver medals, solutions of salts of 
these metals must‘be substituted for the sulphate of copper. 
The surf^e deposited on requires also to be previously coated 
with gold or silver. The difficulty of the process is much 

f reater with the precious metals. It requires a more power- 
j 1 current to precipitate them. For silver, the solution may 
be nitrate, sulphate, or acetate ; for gold, a very strong nitro- 
mu^iatic solution (chloride of gold) is requisite. 

163t For copying engraved copper plates a larger apparatus 
is used : the circuit is completed with copper and zinc, like a 
Daniell’s circle, and the deposition is made in a vessel apart, 
in the manner that decompositions are effected. Thus the ves¬ 
sel D D contains a cylin¬ 
der of ccJpper, whose place 
is marked by the waved 
lines E E; within this 
there is a porous cylin¬ 
der O 0 O for a dia¬ 
phragm, and within it a 
zinc cylinder Z Z, nearly 
‘ filling the porous cylin¬ 
der, but not touching it 
The usual charge of 
liquids is applied without 
and within the porous partition. On the copper cylinder there^ 
rests a perforated cover S S for holding crystals of sulphate of 
copper, to keep the solution beneath in a state of saturation. 
Thus are supplied all the parts of a single circle. In a vessel 
apart, AB, lies the plate to be coated connected by a wire with 
the zinc cylinder of the circle. Another plate c, of oxidisable 
metal, faces it at a little distance, and both are immersed in 
the solution which is to furnish the metallic precipitate. The 
connecting wires* proceeding from the plates in the circle are 
fastened tight to the wires from h and a, by screws X and Y, 
to make the conduction as good as possible. When the circle 
is closed, electricity is generated in the cylinder, and passed 
to the plates in the depositing vessel- The liquid between 
these plates is decomposed, oxygen is evolved at c the nega¬ 
tive pole, and metal on & the positive pole. The plate A being 
prepared in the manner above described in reference to medals, 
by coating the back and edges with wax, to limit the deposi¬ 
tion, and by varnishing the face to prevent adhesion, a re¬ 
verse copy of its surface is procured. If the original engraved' 
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plate is employed, the plate formed from it when put into the 
apparatus, will he covered with a second plate identical ’^Ith 
the original; or if a cast is hrst taken, an identical copy^ha^ < 
he proc^ured hy one deposition. It is possible, by regulating 
the circle, to obtain a deposited plate superior to the engraved 
plate in the quality of the impressions which it gwres when 
printed from. 

164. The improvement thus effected in the art of engraving 
is very great. When a copper plate is engraved, and impreS'- 
sioiis printed off from it, only the lirst few, called proof imV 
pressions,’’ possess the fineness of the engraver^s delineation. 
The plate rapidly wears and becomes deteriorated. But by 
the voltaic process, the original plate can at once be multiplied 
into a great many plates as good as itself, and an unlimited 
number of the finest impressions procured. 

165. Another form of applying voltaic electricity to the 
plastic arts, is i^\& voltaio etching. The ordinary process of 
etching consists in covering a copper plate with a coating* 
of wax, and by a graving-tool cutting out the sketch in the 
wax down to the bare copper. The portions intended to be 
in relief are left covered, and those to be hollowed out are 
laid hare. The plate is then immex’sed in acid, which eats 
away the exposed surface to some depth, but is prevented 
from acting on what is covei’ed with wax. The wax is then I 
dissolved away, and thei'e I’emains a sketch in relief of the 
engraver’s design. But by the new process, the plate, after 
being waxed and _ sketched, is immersed in the depositing* 
vessel of the circuit, and is coated with copper wherever the 
wax has been cut away ; and in this manner a relief surface 
is given corresponding to the figure that was formed in the 
wax. This is the opposite of the acid action, which makes 
the hollows where the plate is laid bare; ana thei'efore, in 
engraving the surface, an opposite coui*se has to be pufeued. 
The wax must be cut where relief is wanted, and left where 
the hollows ought to be. 

166. A still further extension of the art of voltaic*engraving 

has been px'oposed by Kobell of Mixnich, by which pictures 
df^n. m Indian ink may be multiplied. A copper plate, sil- 
vereiljOyer, is used for drawing on. The colour is spread oyer 
the shvet^^^^s^^ such a way that the brightest lights are 

naked sily^, arid the paint is laid on according to the depth of 
the shadow, the strongest shadows having the thickest coat¬ 
ing. The plate is then covered over witlx a wash of finely- 
pulverised black-lead, and put into the depositing cell, and a 

v|cpper plate formed upon it. This plate will be in relief 
Inhere the lights of the painting are, and hollowed in proper- 
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tion to the depths of the shadows. If it is now printed from 
ip ,|1je manner ^^^0^ an engraved copper plate, it will yield im- 
p^i^ions similar to an Indian ink drawing. 

0ildmg and 'plating are now performed very success¬ 
fully by voltaic deposition. Any metallic surface can be 
gilded, (^ silver-plated, to whatever thickness may be desired. 
A platinum surface can also be communicated. In this way 
the precious metals can have their usefulness very much 
. extended. Plants may, in like manner, be coated over with 
, copper, and have their forms preserved for any length of 
' time. So bavskets and wickerwork can have a metallic surface 
communicated to them. 


ELEGTEO-MAGibrETISM. ' 

168. It had long been observed that electricity was capable 
of producing magnetic effects. The needles of ships^ com¬ 
passes, when struck with lightning, always underwent a 
change in their magnetic character : on some Occasions their 
poles have been reversed, what was the north before becoming 

i the south. Bisturbances of needles have also been caused by 
shocks from Leyden batteries. It was thus generally sup¬ 
posed that an intimate connection of some kind subsisted 
between electricity and magnetism. The discovery of the 
real nature of this connection was made in 1820 by Professor 
Oersted of Copenhagen. 

169. If a magnetic needle is held along the conducting 
wire of a voltaic circle in action, it is made to deviate : if it 

>is suspended along and ahove the ' wire, it instantly turns 
about and hangs directly across it: if it is next hung along 
'beneath the wire, it will deviate and lie across, but the 
ends will he the reverse of the former case—the end that went 
to one side of the wire is now on the other side : if the needle 
is hung along the wire one side, ov in the same horizontal 
plane, it dips; one end falling beneath the level of the con¬ 
ducting wire, the other rising above it: if carried to the 
other side of the vdre (without being reversed), it dips in the 
same way, hut the pole that was down is now up. Thus it 
appears that a voltaic current has the power of acting on a 
needle; but that this povi^er lies not in the direction of the 
wire, but across it. It is as if a mag-netic power encompassed 
or circulated round the channel where electricity flows; or 
as if a particle, in receiving and ti’ansmitting the electrical* 
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polarity, acqtiired also a pair of magnetic ^ poles an^a mag- 
hetic axis, lying directly across the electric axis. Thus let 
there be two adjoining particles of conductwg wire, and sup- 
■ j ® r pose that the passage 

electricity lies through them, 
and that, in transmitting it, 
a is positive, & negsdive, and 
c positive, and d negative J, 
then drawing a cross axis 
the points f and jo' are mag¬ 
netic poles; or rather if a 
cross circle were described, the whole circumference would, he 

magnetic; a current of magnetic attraction would go round 

it so lon<>* as a current of electrical polarities went along 
from one*to the other. Thus while the line of chemical 

transverse to it. In chemical decompositions, the sepaiated 
elements pass in the direction of the current, the attractions 
and repulsions which it produces on them are in itsmwn 
course; hut the attractions and repulsions that ^ 

mao-netic bars is across or around its course. undei tins 
singular and unexpected condition an electric current is a 
maS-netic force. The voltaic circuit is a revolving magnet._ _ 
170. We have stated that if a needle he hung along the side 
of a voltaic wire, and level with it, one end will he depress^ 
and the other elevated.. If the needle has its ends reversed, 
while it is kept on the same side of the wire, the same pole 
will he down, although pointing along the wire in the oppo¬ 
site direction. But if the voltaic current is re^^rsed mean¬ 
while, by fastening to the copper the end of the wire tuat 
came from the zinc, the dip of the needle is revei’sed, the 
raised pole is now depressed. So that the new magnetic force 
has a genuine polar character: a south pole circulates round 
the wire one way, and a north pole the opposite way, witn 
the same current; hut the reversing of the current makes a 
reversal of the magnetic circulation. ^ ^ 

171. The connection between positive and negative currents, 
and north and south poles, is somewhat puzzling to remember. 
It must, in the first place, he borne in mindv that the north 
pole of a needle is that which points to the north pole of the 
earth; this designation, although erroneous, and against tlm 
laws of magnetic attraction, still continues to he used, net AU 
he abortion of a conducting wire, A being the mgat%v6 or zinc 
end, and B the positive or copper end. Then a current of 
pomtive electricity is fiowing from A to ■5, or fr<^ right m 
current of negati^ rig^iit* 
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if now tile needle is held, along* and ahove the wirej its north 
pole will go aw.ajr from the observer in the direction of the 
^arro^ at if it is,, held below the wire, in taking* its cross 
positien the north pole will point 
the observer in the direction of 

held along 

■/^e T^ii’6 same level, an^ •(' % 

hetween it and the observer, the ' —*- 

north pole is elevated, as is pointed ^ 4v 7/^ 
put at e/ on the other side of the M 

wire, the noxrth pole is depressed, 

as shown by the direction of the ^ 

arrows^ while a positive current of electricity flows 

1 ‘ight to left, the north pole of a needle is carried round 
m the. direction that WQ would turn a handle with the right 
- k a current of magnetism flows 

in tnat_ d^ection. Or we may say that if a positive current 
passes befme the breast from right to left, the head would 
represent the north pole of the attracted needle, and the feet 
the south pole. 

172. If the wire of an electric circuit is thus a magnet, it 
oug*ht to_show attractions and repulsions for other electric 
wires. ^ This actually takes place. If the wires of two circuits 
are laid alongside of each other, and are free to move, they 
are mutually repelled if the^ direction of the current is the 
same m both, and attracted if the currents are contrary; so 
that without the mediation of a steel magnet, the forces cir¬ 
culating round the wires are able^to show themselves. 

173. Nothing hut a current of electricity can produce mag¬ 
netic power: riie charge of a Xeyden battery, howeyer in¬ 
tense, has no_effect. But during the discharge, which makes 
a current to flow, the magnetism may become apparent. For 
magnetic purposes the intensity of a current avails nothin^-, 

stagnation or resistance ; tSe 
enect depends solely on the quantity. Hence batteries made 
up oi very large circles are used in electro-magnetism. 
Chemical and magnetic power are both in proportion to the 
quantity of the excitement, without regard to its tension, or 
that virtue whereby it could strike a blow or force its way 
through resistance. ^ 

,, apparatus has been contrived to exhibit in action 

the revolving power of the magnetism of the electric current. 
It may be so arranged that a magnet shall revolve round a 
wure; or, ^ the other hand, that a wire shall revolve about a 
nmgnet. The flgure represents the method of producing both 
M IS a glass cup containing mercury, through whose 

■ ■ ' ■ ' E ,' ■ 
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bottom rises a wire from a the conductor of a cii'cle. To th# 
bottom of the cup is attached by a thread a mag-netic rod ^ 
which floats in the mercury, and is long* enoug*!! to rise ajpote 
the surface. Another wfre, Oed^ coming through the pillar 

from the other end of the 
circle, dips into 4he mer¬ 
cury, and a metallic com¬ 
munication is thus formed 
l^etween it and the wire 
entering at the bottom of 
the cup. A curreht’of elec¬ 
tricity now passes along the 
wires a»d through the mer- 
cui’y. The upper end of the 
magnet & is within the raifge 
of the forc^e circulating 
around to 

move, it acf&lly revolves 
about the wire so long as the current continues. By the 
arrangement in the other half of the figure, the wire revolves 
round the magnet. N is a glass cup of mercury, and B 
a magnet fixed to the bottom, and projecting above the sur¬ 
face. The wire from a? enters the bottom of the cup and 
touches t;he mercui*y. The wire d is hung fi’om a hook, and 
its end dips into the mercury, which forms a metallic oi* con¬ 
ducting connection between it^* and the bottom wire. The 
circuit being closed, the magnetic action cotnmences: the 
current of force circulating around the wire encounters B the 
pole of the magnet; there is a mutual action, hut B, being 
fixed, the movement takes place on the wire, which describes 
a cfrcle in the mercui’y around B. Both actions may go on 
from one current, circulating along a b e O d and the revolu¬ 
tions will be in the same dfrection ; for although the current 
that passes up one wire passes down the other, and revei'ses 
the magnetic circulation, this is exactly met by the magnet 
moving in one case and the wfre in the other. If the same 
current passed up both wires, the revolutions in this ari^ange- 
ment would he opposite. 

175. A magnet has been made to revolve about itself by 
passing an electrical current through it, to the middle, and no 
larther. If the current were passed from end to end, it would 
urge the one end to revolve one way and the other in an 
opposite way, and no effect would arise ; but by confining it 
to one-half, the rotation is produced. This may be done"^ by 
immersing it up to the middle in mercury, and passing elec¬ 
tricity into it at the upper end. The purr.ent on descending 
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tile bar to tbe surface of the mercury passes off there with¬ 
out entering'the immersed half. 

v4’a6. The electro-magnetic force acts upon soft unmag- 
hetised iron on the same principle as the ordinary magnet. 
Indeed its power is best developed by being inductively com- 
municatiid to soft iron bars, which are magnets so long as 
they are under its influence. An iron bar, made magnetic in 
this way by an electric current, becomes an electro-magnet, 
and-by it we can produce every effect of the common magmet. 

of soft iron, laid across a conducting wire, 
lies in -thb wire’s magnetic direction, and is magnetised hy 
induction. But the action of a single straight wire upon 
an iron rod would be very feeble. If, however, we bend the 
wnfe round the rod, and coil it again and again, we increase 
thS amount of the magnetic circles which act on the iron. 
Instead of an inch of wire communicating its influence, we 
may have the #adactive force of many feet, and a very power¬ 
ful magnetisi^will be imparted. It is by coiled wires, there¬ 
fore, that electro-magnets are formed. A spiral coil is techni¬ 
cally called a. 'helicjs. Such a form possesses all the powers 
and pi'operties of a magnetic bar when the electric current 
passes through it. It attracts and repels other magnets, com¬ 
municates temporary magnetism to soft iron by induction, 
and permanently magnetises steel. 

178. A striking effect of the attraction of a magnetic bar 
by a helix is shown in the figure, which represents a coil end¬ 
ing in two little cups P 
ana p, where the commu¬ 
nications are made with 
the poles of the battery ; 
a small portion of mercury 
is poured into each cup, 
and the batteiy wires ai*e 
dipped in the mercury, 

which thus forms a very perfect metallic junction. If a mag¬ 
net SN is laid in the coil, and the circle completed, the action 
is such that the magnet starts up and suspends itself in air 
in the centre of the hollow, and hangs there so long as the 
electricity circulates. The opposing actions of the diffei’ent 
ends and sides of the wire so neutralise each other, that it 
is not drawn either out or in, or nearer to one side than to 
another; and its only position of rest is a nearly central 
station; its own weight necessarily adds to the do'wnwai’d 
tendency, and keeps it a little below the axis of the spiral. 

179. in communicating temporary magnetism to a soft 
iron “bar, with the yiew of forming the electi’o-magnet, we 
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may choose either a straight bar or a horse-shoe : the latt^ 
is re|)i*eseiited in the figure :~~The wire « from one pole ofl 
the circuit, is coiled round and round the iron many tirueSj^ 

and goes off at 5 to join the other pojer 
If the positive current pass in at <* will, 
be the north pole of the magnet,«and & th# 
south, according to the rule already laid 
down. To make a powerful magnet, the 
copper wire should be thick, and cohered 
with silk, to prevent the electricity from 
passing sideways from one coil to another, 
or to the iron bar. A lifter is attached 
for the suspension of weights. An 
electro-magnet may be made of far greatepower than _an 
ordinary magnet of the same size. A horse-shoe, whose anns 
are eighteen inches long, and two inches thick, may be made 
to sustain 1000 lbs. if a strong current is passed through it. 

180. To determine which is the north and which the south 
pole of an electro-magnet, we can revert to the action already 
described of a straight wire on a needle. If a wire lies before 
us across our breast, and if a positive current passes from 
right to left, a needle’s north pole is made to describe a right- 
handed circle—-that is, the south pole of the wire’s magnii^^ 
goes round in the circle in which the right hand would iHi® 
a winch. If, therefore, a soft rod lies up and down on the 
other side of the wire from us, its lower end will be south and 
its upper end north, these being the poles of the wire’s re¬ 
volving action. If the wire is now coiled round it while it 
stands upright, the effect will continue the same, so long as 
positive electricity passes from right to leit along the coil 
between our breast and the bai’. Suppose we clasp our arms 
round a tree, and that a positive current circulates from the 
right hand along the right arm across the breast to the left; 
in this case the top of the tree would represent the north pole 
and the root the south, 

181. If a steel needle or bar is laid in the inside of a helix, 
and a strong current passed along, it will acquire a permanent 
magnetism. The helix which answers best for this purpose is 
a short thick coil, formed by first winding the wire into one 
spiral, and then laying upon it a secoiia layer, and then a 
third, and so on till a great thickness is reached. A powei’- 
ful current is sent through it, and the bar inserted and moved 
once forward its whole length, then backward till its middle 
is in the centre of the coil ; the current is then stopped, and 
,the bar taken out perfectly magnetised. 

|Si8S. !phus^^ t^ power is in all respects 
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if ^ with the loadstone and the earth’s magnetism: only 
ordinai-f ^ much higher degree of intensity than 

•conSSJti^^®^® “i. ?y "1™= a strong battery of Grove’s 
’ mechamcal force can be developed which is 
There is scarcely any limit to the 
-ipower wjiich may thus be created. The wire in contact with 
^ j V successive coilingrs layer above layer, be 

liundreds of feet; and if the battery is powerful 
^ curpnt through the entire length, the 
magnetism is increased m proportion to the quantity of the 
wire accumulated round it. ^ ^ 

’>®e“ applied to form 
an electrometer of a very delicate kind, which is essential in 
experimentingv,,With voltaic currents and electricity of weak 

electrometer or galvanometer, 

At a magnetic needle S N is 
suspended within several 
bending's of conducting 
wire A BCD E, and hun| 
parallel with the wires, the 

current will make it deviate and lie across; 
iV^ni 1 ^ mark of the passage of electricity. 

^ f nearly four times the force that 

" KaJJ r A IT .®' singrle wire; hence the apparatus has 

been called a But instead of two circles of coil, 

ntty or^a hundred may be made, forming* a helix with an 
oval section, and within this the needle is hun^. When the 
instrument IS-used, it is placed so that the direction of the 
the magnetic meridian; hence the needle will, 
under the earths attraction alone, lie exactly alongside of 
the wires. When the current is set on, a deviation will take 
place ; biit the needle will not be carried so far as to lie 
iiectly across, unless the current be as strong as completely 
^o oveicome its polarity to the earth, and its own inertia anS. 
he resistance of the suspension. With a weak current, the 
deviation feay b5 very trifling, but as the current increases in 
strength, it becomes greater; hence the angle described is a 
• ® power of the charge sent through the wire. 

184. An improvement has been made upon the instrument, 
which gets_ rid of the action of the earth^s magnetism, and 
consequently leaves the needle,more free to move aside under 
the influence of the electrified helix. Instead of one needle 
hanging within, two needles are used, one within and the 
other above the oval coil; the upper one having its poles lying 
loweiyas in the figure. N S is the inner needle, 
b N the outer; being on different sides of the set of wires/ 
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tliey would deviate in opposite ways if their poles wei^e in the 
same direction ; hut the reversal of the poles causes different 
sides of the current to move them both in one direction. ^The 

two may therefoi'e he^ 

I fixed on one axis of 

suspension, they 

will act under the in¬ 
fluence of current as a 
single needle. But the 
earth’s magnetism will 
of course affect each of them: since, however, they lie in oppo- 
-'^ite directions, it will tend to draw W one way, and S', which 
" is on the same end, the other way ; and the two attractions 
‘ will neutralise each other, so that no movement will arise 
from the operation of the earth’s magnetism, if the needles 
have exactlv the same degree of polarity. It is unnecessary 
with this instrument to attend to a meridian position; and 
the deviation will he much greater from any given current 
than with the single needle; consequently the indications 
will be more delicate. By this instrument very feeble currents 
can be made apparent. - , . . 

185. jFor measuring the force of powerful currents, it is not 
necessary to coil the wire or to use a silk thread for suspend-^ 
ing the needle. A single coil placeff in the magnetic meri- - 
dian, and enclosing a needle on a point, will serve to measure 
the strength of such currents. The stronger the cui'rent, the 
more will it overpower the tendency of the needle to point to 
the north, and hence the angle of deviation from the direction 
of the coil or the magnetic meridian will correspond to the 
strength of the circulating electricity. 
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186 . Many important practical applications have_ been made 
of the voltaic magnetism. Of these the most prominent is the 
Electrical Telegraph, invented by Professor Wheatstone, and 
perfected by him and others, and now in extensive operation 
over the lines of railways. 

187 . The electrical telegraph depends on the power of an 
electric current to cause the deviation of a magnetic needle, 
and on the great distance that the power maybe conveyed. 
In the experiments of Mr Wheatstone, it appeared that a 
current could he transmitted through four hundred miles of 
wire without being extinguished; so that at the end of that 
distance it could cause a sensible magnetic action. ^ 

' 188. The apparatus of the telegraph consists, in the first 
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place, of a line of conducting wire suspended on poles, and 
reaching from station to station. On the £rst introduction 
of telegraph, a pair of parallel wires was thought neces- 
^sary, in order to complete the voltaic circle; hut it is now 
found that the earth can make the returning part of the 
^nd that it may therefore be formed by means of a 
single wire. At each end, the wire is carried down to the 
" ground, and attached to a large plate of metal buried there ; 
and the current finds its way through the earth from one of 
the metallic masses to the other. The wire is formed of iron 
coated with zinc by a particular process, and receives the 
name of galvanised iron wire: it rests on the poles in earthen^' 
ware tubes, in order to insulate the passing electricity. ^ ‘ 

189. The second essential of the telegi^aph is the battery,* 
The kind of batteiy which seems to answer best is the parti¬ 
tioned trough, with a pair of copper and zinc plates in each 
celh The cells are filled with dry sand, which is moistened 
with dilute sulphuric acid when it is to be set in action. 
This arrangement is found to yield a very constant and 
enduring voltaic curi’ent. The greater the distance between 
the stations, or the longer the circuit, the more powerful of 
course must the battery be. The resistance to the current 
necessarily increases with the length of the wire, and at a 

" certain distance it would be too feeble to produce a deviation 
of the needle, or any other palpable movement. 

190. The third necessary part of the telegraph circuit is the 
needles. These are the indicators of the excitement, and the 
instruments with which the signs are made.. In order that the 
current may deflect a needle forcibly, an oval coil is formed 
on the principle of the galvanometer; and two needles are 
used, one within the coil and one without, as in the figure, 
which gives a side view of the instrument, n being the inner 
needle, and n' the outer. 

As in the galvanometer, 
the needles are arranged 
with their opposite poles 
together, so that the earth^s magnetic action upon them is 
neutralised; and from their being on difierent sides of the 
coil, they are both moved in one way by the same current. 

is the needle that is visible, and it lies upon a dial-plate 
dl, seen edgeways in the figure. The helix or coil makes 
part of the great circle; and when the battery is in operation, 
and the circuit closed, the needle is moved across the coil, or 
deflects from the upright position which it occupies when 
unexcited. If several needles are mounted on one circuit, all 
will be moved in the same way at the same instant. 
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essential part of tlie machinery is an appa- 
joaakmg* and breaking: the metallic contact, or closm^ 
circuit, and also for reversing- the current, so 

the andThr^aryi 

fle signal, llus has been executed m several wavs. The: 

^ ® handle that maybe away4 to tW 

ne^le"’" The a?eT ■° be gi?ef to tL 

needle. The accompanying cut represents the Norwich Bail- 

way apparatus. 


With its needier 
and handles j a 
sepai’ate wire and 
circuit being- ne¬ 
cessary for each 
needle. So few 
as two neeies 
have, however, 
been found su ffi- 
cient to make all 
the requisite 
communications. 
The needle to the 
left is seen de**- 
fleeted one way, 
and that in the 
.naiddle the oppo- 

agreement must 
he made as to the 
meanings repre¬ 
sented by each 

deflection or com- 



m'o 

fflve in all turol™ /i; of these movements would 

Iv ve^tin J t-hf oonhgurations of the needles. But 

i^v ““3^ number of different signals 

twiM or^Hcrfor tbl’ may be deflected Snoe, 

after Vhp stoal; a pause being allowed 

Siv? dStfons f® distinguish between the sut- 

ft the enrfS- , ® I =>?» end the transition -to another. 

^ Wbeen com^ ^ *® ®J>®w thai 

«ie rate of liftyfettere amihutr*^ possible to communicate at 
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192!. The apparatus for sig-nalling* may be very various, 
and many schemes have been proposed with the view of 
qu^kenin^ the process of communication. Bain’s new system 
^qonsists of causing' the electric cu’cuit to make coloured spots 
piece of paper soaked with sulphuric acid and prussiate of 
plitash ii^ employing the chemical instead of the mechanical 
action of the voltaic cii'cle to make the indications. The 
moistened paper is wound in a metallic roller, which is kept 
moving while the end of a metallic spring rests upon it; the 
apparatus forming part of the great telegraph circle. While 
the circle is broken, no effect is produced; but when it is 
closed, the cuiTent passing through the wet paper effects a 
decomposition that shows itself in a blue spot. At the other 
end of the line an apparatus of a similar kind is placed ; but 
the strip of paper is dry, and acts as an insulator. It has 
holes punched in it, which, in the course of the movement, 
come under the spring, and allow it to touch the naked 
roller, and make a perfect metallic contact, and thereby close 
the circle. At the instant, therefore, a hole passes beneath 
the spring at one end, a coloured spot appears beneath the 
spring in the apparatus at the other end; so that the series of 
holes are exactly represented in a series of blue spots. If, 
therefore, aggregations of holes are chosen to represent letters 
and signs, these can be faithfully repeated and read; and the 
apparatus can be driven with far greater rapidity than the 
needle system. 

193, Although the telegraph is by far the greatest applica¬ 
tion of voltaic electricity and electro-magnetism, it is not the 
only application. Much ingenuity has been spent in con¬ 
triving machines for bringing electricity into play as a 
prime mover, like wind, water, steam, or gunpowder. The 
mechanical force of an electro-magnet, as we have se'en, is 
very great; and there seems no reason why it should not be 
used as a source of power in mdving macbinery. Whether it 
would be as cheap or cheaper than steam-power, must de¬ 
pend on afiany considerations. But at all events it might be 
found preferable to other prime movers in special cases and 
circumstances. As yet, however, no effective method has 
been contrived for bringing the power to hear upon machinery. 
It has the peculiar character of being a very intense force 
acting through short distances ; and it is requisite that this 
mode of action should he converted into a rotatory motion, in 
order to be generally applicable to movements. An appa¬ 
ratus has to be formed which will do the same for the magnetic 
attraction that, Watt contrived for the expansive force of 
steam, when he joined together a cylinder and piston, parallel 
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motion, cross beam and crank, to convert the reciprocating* 
steam-pressure into a wheel movement. The magnetic force 
is also a reciprocating force, but of very short range #nd 
varying power; and some suitable apparatus must he inter-^. 
posed td transmit its whole amount to the steady whirl of a ' 
shaft or axis. The machines hitherto contrived have not been 
able to communicate the whole power of the magnets to the 
rotatory apparatus, and they are therefore no fair criterion of 
the mechanical force which may he obtained from the con- 
ftimption of zinc and acids in a voltaic circle. 

194. Mr Bain has succeeded in applying electricity to move 
the pendulums and machinery of clocks. For the ball of the 
pendulum he makes a hollow coil of copper wire, whose open¬ 
ing or axis looks right and left, or in the direction which the 
pendulum swings. Two magnets are fixed so as to point into 
the opposite ends of the coil, and face each other. If a cur¬ 
rent of electricity is sent through the coil, it becomes an 
electro-magnet, and is attracted to the nearest magnet. Ac¬ 
cordingly, means are provided for communicating at every 
vibration a current to the pendulum, and for cutting it olf 
while it passes the middle line, and recommunicating it at the 
other end of the sweep. A plate of zinc and a plate of copper 
are buried, facing each other, in the earth at a depth of at 
least nine feet, that there may be a constant supply of mbis- 
ture. The damp earth is thus the exciting element of the 
circle, which has a permanent action. Wires are carried from 
the plates, and passed along the pendulundy to connect with 
the coil which forms its hall. About the middlb bf ^ the pen¬ 
dulum rod, an arrangement is made whereby the motion of 
the pendulum closes, breaks, and recloses the current according 
to the place where it lies in its vibration. The attraction 
of the magnets is thus made to sustain its motion and the 
motion of the connected wheelwork. It may be regulated 
to beat exact seconds like an ordinary pendulum. 



MAGNETO-ELECTRICITY. 

_ 195. Magneto-electricity is tlie counterpart of electro^mag- 

netism% the one explains the production of magnetism by an 
electric current; the other shows how an electric current may 
be produced from a magnet. This branch of the science was 
created by Professor Faraday. 

196. If an electric current and the magnetism of a bar .t^ 
so closely allied that the first can give rise to the second, it 
was natural to expect that the second should be able to cause 
the first; or that a magnet might be so placed with reference 
to^a conducting wire, as to produce in it a current of electri¬ 
city. The experiment may be tried in many ways. Thus 
since a helix charged with a current can magnetise a bar 
lying in it, let us take a bar magnet and put it into a coil 
which has no connection with a voltaic circuit, but whose 
ends terminate in a galvanometer, and which forms a complete 
chcle of conducting wire. We have now an active magnet 
lying in an unactive helix * but no current is observed. 
Although the active magnet is in the very place where an 
unactive bar would be magnetised by an active wire, yet the 

■ circumstances being reversed, the active magnet cannot induce 
magnetic currents around the wire, so as to make electric 

/eurrents run along it. Let us, however, seize hold of the 
magnet, and instead of its lying at rest in the hollow , of 
the coil, let it he moved backwards or foiwards ; a cuiTent 
is immediately observed, the needle of the electrometer being 
sensibly deflected. While we continue to move the magnet 
in or out, the current is maintained; when we let it rest, the 
current ceases: so that an active magnet has the power of 
creating electric currents, if it is moved in the direction of its 
length across a wire or assemblage of wires. The motion of 
the bar is essential to the effect. The necessity of motion is 
owing to* the Character of the magnetism of a conducting 
wire ; for this magnetism is not a reposing or statical mag¬ 
netism, hut a current or revolving magnetism; and unless 
the statical magnet is itself set in motion, it cannot be the 
cause of a current magnetism. The electricity arising from 
this action is called Magneto-Electricity. 

197. If an active wire, in connection with a circuit, lies 
alongside of another wire that is inactive and connected with 
a galvanometer, the current of the first has no influence in 
making a current in the second while both wires are at 
rest; but at the instant the current is arrested, and the instant 
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that it is set on npon the first wire, a momentary current 
appears on the second. While the curi^ent continues, there is 
no action. Let, however, the wires be made to approach e^ich. 
other, and a current ensues on the inactive wirer when the^ 
wires are at a stand still it ceases. Or if they are drawn away 
from each other, a current in like manner arises, but #pposite 
to the current during the approach: so that there are two 
methods of passing a current from an active to an inactive 
circle. We may either close or break the active circle, and 
thereby create an instantaneous current; or we may move the 
wires nearer or farther from each other, and during either 
motion we have a current on the inactive circle ; the approach 
making it in one direction, the recession making it in the 
opposite direction. These effects are designated by the term 
Volta-Electric-Induction; and the currents Induction Currents. 

198. The approximation or separation of the wii^es is exactly 
similar to the moving of the magnet in the coil, or across ‘a 
wire. An active wire ’is a magnet, and if it is moved side¬ 
ways towards another wire, the effect is the same as if a mag¬ 
netic bar were moved endways. The side motion of the one 
can do exactly what the longitudinal motion of the other can 
do. In both cases mere proximity has no effect; but, by 
movement, each can excite a current in a dead circle, 

199. Laraday was able to produce a permanent electric cur¬ 
rent from a horse-shoe magnet by the following apparatus 

A circular plate of 
cppper C is made to 
revolve upright on a 
stand, and a handle H 
is fixed on the axis. 
Two conducting wn*es 
w and zo' ai'e connected 
at one extremity with 
the galvanometex’ by 
being plunged in its 
mercuiw cups*. At their 
- - • , other extremities one 

of them, Wj is connected with the axis of the copper plate* 
the other, ?uV is made to touch its edge between u and s, the 
poles of the magnet A B, placed as represented in the figure. 
The plate^is whirlM by means of the handle, and a current 
of electricity IS found to circulate round the wires; the nature 
- reversed when the motion is reversed. The 

inductive efifect being the same whether a magnet is moved 
along a conductor or a conductor along a magnet, the action 
IS produced here by the copper edge constantly running across 
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tlie direction of the iron. A current thus arises on the edg-e 
and passes inward to the axis, and thence along the wire w 
to ^he electrometer, the opposite current taking the contrary 
' course. When the handle is revolved from right to left, the 
positive current in the above apparatus has the direction of 
the ari%ws. The end of a bar magnet, held near the edge of 
the revolving copper, has the same effect as the horse-shoe. 

200. The identity of electricity and magnetism was still 
farther confirmed when Faraday discovered that a spark 
could be drawn from the magnet. At the moment of making 
or breaking the magnetic contact, or when the lifter either 
completes the connection or breaks it, a spark is sent forth at 
the junction ; or if the lifter is surrounded with a helix, the 
spark may be seen in the circle, hy having at one part of it 
two surfaces very near, but not in contact—as a tine point 
almost touching a surface of mercury. The instant the lifter 
strikes the ends of the horse-shoe, or the instant it is drawn 
away, a spark passes through the open interval of the circuit. 

201. An induced current, either from a mag-net or from an 
active Circlej produces a sensible shock, of the voltaic charac¬ 
ter, but more severe. Its intensity is higher than the intensity 
of the original current. When the induction is of the tempo¬ 
rary kind which accompanies the opening and closing of the 
active circle, the shock is instantaneous; but by keeping* up a 
constant induced current by movement, a continuous shock of 
a very painful kind may be communicated. Machines have 
been constructed for producing the permanent induction, 
called Magneto-Electric Machines; and in causing physiologi¬ 
cal effects, or for acting on the human body, they are the most 
efficacious of all electrical machines. Their principle is diffe¬ 
rent from the revolving apparatus of Faraday above described. 
They are contrived so that a lifter may repeatedly make and 
bi'eak its contact with the magnet, and thus induce a succes¬ 
sion of currents upon a circle of wire coiled many times round 
it. The Ijfter i§ made as if for an electro-magnet—in other 
words, it is wrapped round with a great many turns of wire; 
but the coiling is made so that the ends of the magnet point 
as it were into the hollow of the coil—that is, the lifter is not 
simply a cross bar, but has across its ends two cylinders, 
facing the ends of the horse-shoe, and receiving the wire 
coils. If the magnet is now rapidly revolved on an axis 
running between its legs, the constant movement of approach 
and retreat from the coiled lifter maintains a series of cur¬ 
rents, and these are twice reversed at each revolution; for 
one kind of current arises when one pole approaches one end 
of the lifter, and an opposite when this pole leaves it and the 
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other pole approaclies. This incessant reversal of the cnjTent' 
is probably the cause of the very painful character of such , 
curi'ents when transmitted throug-h the arms. The wires*of 
the coil terminate in small copper cylinders, which are held 
one in each hand; and if the hands are pi»eviously moistened 
with salt water, the shock will be experienced to thapfullest 
advantage. The more rapidly the magnet is whiided, the 
more intense will be the action. 

202. The machines hrst constimcted made the magnet to 
revolve as above described; but subsequently they were 
formed so as to make the coiled lifter revolve, while the mag¬ 
net remained fixed. The apparatus is so arranged that the 
shock passes upon the circle through the body only when 
the keeper faces the ends of the magnet; when the keeper 
leaves the poles, the connection is broken, and remains broktJn 
till half a revolution takes place, when the opposite current is 
induced as a shock, and instantly stopped. Thus there is 
given a succession of disjoined and contradictory shocks. 

203. Chemical decomposition has been effected by magneto- 
electricity; but as this demands a copious quantity of the 
cuiTent, it requires large magnets to make it appai’ent. The 
machines are generally compound hoi’se-shoe magnets of large 
dimensions. The wire coiled on the cylindrical branches of 
the keeper is very long, sometimes many hundred yards. Fox*: 
chemical decomposition an ai'rangement is adopted, called the, 
qztantii;^ 2 iVi'ajLgeme-ntj for securing a continuous current in 
the same dii’ection, as no decomposition aidses when the elec- 
ti'icity is continually inteiTupted and revei’sed; the one 
polaihty must necessai'ily countei*act the other. Hence the 
machinp which give the most violent shocks ai’e sometimes 
totally inefficacious in decomposing compounds. 

204. As the eai’th is a magnet, it ought to have the same 
power as other mag'nets to induce electric cui-i’ents. Fai’aday 
succeeded in proving this to be the case, by making the same 
arrangements as were necessary for a portabje bar, A con¬ 
ducting cii’cle is made to i^evolve aci'oss the dii*ection of the 
earth’s magnetic pole, or at right angles to the dipping needle, 
and__in this way it acquix^es an electidc cui'rent, wiiich can be 
distinctly made evident by the galvanometer. Hence Faraday 
infeiTed that voltaic cui^rexits must be frequently generated by 
the accidental movements which take place on the eax'tlx. Thxxs 

high north latitudes, whex’e the pole lies almost vex’tically 
down, a wheel revolving hox’izontally would he movixxg acx'oss 
the xnagnetic direetion, and would have a cux'i’ent induced 
upon it. So even running water in the polar x‘egions would 
expeideuce voltaic excitement from the earth’s magnetism. 
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S05. It has been seen that an electric current, passing 
through an inferior conductor, or in anyway interrupted 
without being completely checked, gives forth heat. Resist¬ 
ance to its passage is the means of converting’ the polar ex¬ 
citement into an increased temperature of the resisting mate¬ 
rial. On this condition heat and electricity are reciprocal. 
But although it has always been very easy to produce heat 
by an electric current, it was only in 1832 that the means 
were found of producing an electric current by heat. This 
discovery, made by Professor Seebeck of Berlin, gave rise 
to the science of Thermo-Electricity, which completed the 
■ evidence of the reciprocity of the electrical and the other 
effects. Volta had produced the excitement by chemical 
action, Pi’ofessor Faraday from the magnet, and now it is 
derived fvom heat; its three greatest effects are thus found to 
be in turn its causes. 

206. When two metals whose susceptibility to heat is un¬ 
equal are soldered together, and heated at the joining, an 
electric current is evolved. Thus if A B C D 
‘lie a metallic circle, the one half, ABC, 

' being hismuth, the other half copper^ and 

if a lamp be applied at A, one of the 
joinings, it will heat both metals, and 
cause electric currents to flow round the 
circle. A positive current will pass from 
the bismuth to the copper, or round in 
the direction ABC B, the negative taking 
the opposite course. Thus when two substances, differently 
disposed in regard to the reception of heat, are heated together 
at their point ox contact, the discrepancy shows itself in the 
two metals polarising each other, and yielding electricity. 

207. If we heat a wire which makes part of a circle attached 
to the galvanometer, the heat will be conducted off right and 
left along the wire, at an equal rate, and no electricity will 
arise. But if in anyway we cause the heat to pass round 
more copiously to one side than to the other, a current will 
be made appai’ent. Thus if we make a loop upon the wire, 
and make it touch at the crossing, this will retard the passage 
of the heat to the side where the loop is, and thereby disen-^ 
gage electricity or polarise the wire. Thus suppose the heat’ 


B 
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amlied at A/ it will be conducted along tbe wire each way; 
but at the loop d, part will go along di, the proper direction 
and part will be communicated to de, wliich will maka ii 
return asrain towards and, on tlie whole, impede tb.e conduc- 

tion on the Way to h. So that 

the heat will travel at a^reater 

rate round hj a than round by 
h; and it would appear that 
when unequal currents of heat 
encounter, they issue, not in a 
simple increase of one another, 
but in a polar effect, or^ they 

make an active voltaic circuit. 

On the same principle, if one end of the wire is oxidised, it 
will be made a worse conductor, and electricity will be mani¬ 
fested. A crystallised body may sometimes produce a current 
on the appliGation of heat, owing* to the fact, that “the heat 
passes more easily through one side than through another in 

some crystals. - . . 

208. It is founo? that when hot water mixes with cola 
water, e:fectricity is produced; the hot liquor beinghCga||^ 
and the cold positive. Other liquids ^ow a sipaliai^act^d;]^^ 
but the kinds of excitement are not invaidahle: a hot 
mixed with a cold acid makes the first positive and the secoi^ 
hegaiihre# ^^Hen^ it appears that must ih 

general cause electidcal polarity \ nnly if two equal portions oi 
heat pass round in a circle and zneet, they will neutralise each 
other^s effects, and no excitement will be apparent. , . 

* 209. instead of bismuth and copi)er, bismuth and anti¬ 
mony are soldered together, the effect will be greater, the dis¬ 
parity of the metals being greater. This last couple is what 
IS usually adopted for a thermo-electric circle, being superior 
to any other that could be chosen. The following table ex¬ 
hibits the order of the principal metals in regard to thermo¬ 
electric combinations:— ^ ■ 


Bismuth 

Mercury 

mckel 


Platinum 

Copper 

Lead 

Silver 

Tin 

Gtold 


Zinc 

Iron 

Antimony. 


The farther asunder two metals are in this table, the more 
powerfiSlti the couple ^ by them. Bismuth and iron 

would male %e next best couple to bismuth and antimony. 
Silver, gold, and zinc are very nearly equal in the effects which 
they would eaiise, if coupled with a metal from the other end 
of the table. Bach metal causes a positive curi'ent to pass 
upon any-metal beneath it, and a negative upon any metal 
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an\the ne™e *om ?he “P??^ 

%^‘ti2al State of each the platinum ; or the 

tiTC 5 that is to^av Tf negratiye, copper posi- 

heated the ioinmo' thA each other, and 

neg-ativ^ and the frep q,^ ^ of the platinum would be 

electricxV?ad"ates^^^^^^^ positive. Positive 

”S'?’’v£S."“'5’ •“• ““•■ 

spond with does not oon-e- 

indeil aid as conductors of heat. Bismuth, 

heatr ^hile some of^lt conductors of 

a-oM silyei * the metals near the other end, such as 

and stIVA i» irT I^iatinum ranks with ^old 

them ix7fhA ^ar removed ±fom 

fuZi to tlt^/fj^VstT'^ inferiorls a com 

^v of th ATn ^ ^ and yet it is nearer the antimony than 

cannot, therefore, be laid down as h imle 

ir?henhermm 

an effective couple.' ^ conductor wiU make 

raSitinfhVa", ^^o^ ^ 1“^- 

rerfcrs'trt!,elrt\“-^^^^^ 

it throug-h its substance; the*p?opOTtmn“^?^ mwiViaSy a^* 
tablT^andlh^^ The worst radiators are at the top of the 

£" srS-s.!,* je=ft« S^|g 3 g^jaft 

bein^ that from a lamapplied to the couple 

heat equally^eU tKlsridii/'"'*'^ff T®”’ radiant 

will be ne^fiVp ’at,/? radiator will be most heated, and 
the side tbp Va' * ®^^cr positive ; so that in g-eneral 

receivecTis Se 

to the wire o/the circuS?^ it the neg-ative current passes 
213, A sing^le circle, made of a bar of bismuth ahd one of ' 

■' G 
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antimony, soldered together, makes a simple circuit or couple; 
but any number of bars may be laid together, so as to make a 
compound thermo-electric circuit. If they are joined ope to 
the other in a long line, or in a circle, the heat will have to b^ 

applied to every second Joining- If the 
first, third, fifth, and seventh^inings 
are heated, while the second, fourth, 
sixth, and eighth are cooled, by being 
laid in ice, the force of the current will 
be increased. Cold has the same power 
of exciting electricity as heat, only the; 
current is reversed. The figure repre¬ 
sents a compound circuit of four bars 
of bismuth b, alternating with four 
bars of antimony a. Heat would have 
to be communicated either to the four corners or to the 
middles of the four sides. If the corners were heated and 
the middles iced, the eifect would be thereby increased. 

2f4. A series of bai's of alternate bismuth and antimony 
may be, as it were, folded together in a bundle, the first, third, 
hfth, seventh, &c. joinings being at one end, and the second, 
fourth, &c. at the other end ; the bars being kept from touch¬ 
ing at their sides by an insulating substance. The last rod of 
bismuth is connected with a wire, and forms the negaltlHi 
pole ; and the wire attached to the last rod, of antimony at 
other end will be the positive pole. The two ends of th^ 
bundle are blackened to increase t^eir absoi'ption. , If either 
face is heated, a cui'reht will arise 5 if one is he€j<tpd;|^nd the 
other cooled, the current will be greater; if both are heated 
alike, there will be no cui*rent. 

215. Such a bundle of bismuth and antimony needles has 
been constructed to serve as a thermometer for delicate experi¬ 
ments on heat. Differences of temperature that are impercep¬ 
tible by the mercury or alcohol thermometer, are found to 
affect the galvanometer of a thermo-electric pile. Radiant 
heat especially can be detected with extraordinai'^ accuracy 
by exposing one end of the bundle to the beating rays. 

216. The current circulating in the thermo-electric chcle is 
of weak intensity compai'ed even with the voltaic pile, and 
ther-^oro it is not adapted for giving shocks. But the quan¬ 
tify vrhich it yields may be very great, and it is capable of 
decomposing chemical compounds. Also, by using a bundle 
of thiiliy elements or pairs about an inch thick, and heating 
one end by a hot iron placed near, and cooling the other with 
ice, the intensity of the cuiTent is sufficient to make a distinct 
spark in daylight, when the circle is broken or closed. 
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217. The discovery of thermo-electricity suggests an expla¬ 
nation of the probable origin of the earth’s magnetism. The 
su»’s rays heating the earth in one place after another in his 
^daily circle, would cause an electric current to circulate round 
ihe globe in an equatorial direction, or more strictly, in the 
direct!^ of his path. If we suppose him for a moment stand¬ 
ing over any one place, it is obvious that the portion of the 
earth to the east of that place is hotter than the westerly por¬ 
tion; because what he has been recently shining on must be 
warmer than the ground he is only approaching to shine on 
after a day’s absence. But we have seen that, in the thermo¬ 
electric circuit, negative electricity flows from the joining to 
the hot side, and positive electricity to the cold side; there¬ 
fore the motion of the sun from east to west will cause a posi¬ 
tive cuiTent to move in the same direction, and a negative 
current from west to east. But if we refer to the rule for 
determining what would be the magnetic polarity of the earth 
arising from such a current accoi’ding to the laws of electro¬ 
magnetism, we And that it would give to each hemisphere the 
same kind of polarity as they actually have. If the daily 
path of the sun w^ere from west to east, the earth’s magnetism 
would be the reverse of what it is: so that the sun’s heat 
circulating round the globe will necessarily magnetise the 
'eai’th. The daily and yearly fluctuations of the needle also 
tend to show the connection of terrestrial magnetism with the 
sun’s motions. It may therefore be said that the sun is the 
great source of all power on the earth. It gives warmth, 
supports vegetation, draws up the water to the clouds, origi¬ 
nates the thunder and lightning, and produces magnetism 
and all its consequences. The earth’s own forces of gravita¬ 
tion and cohesion, and its attractions in general, tend to 
aggregate; solidify, and condense the whole of its substance 
into a compact heap of lifeless matter; the sun supplies the 
counteractives of these, and causes expansion, separation, 
decomposition, and all the agencies which lead to the renewal 
of movement and life. 



ahima£ ei-eotrioi tx 



218. This brancli of tlie science' to the px^oancrEion ipt 

electricity hy living* bodies, and gives an account of cerMii j 
animals that possess within their structure special organs l&i 
generating electric .currents it ■■. may also ■ include ;..what.'ii§ 

known of the effects of electricity on the animal system. 'EbiS 
former-subject would be named Animalo-Electricity, if wel 
followed the analogy of the preceding names—Magneto-Elec-^ 
■tricity,^Thermo-Electricity.'■' ■'-■IS 

219. There is a flat hsh found on the shores of the Medi-■■ 


terranean, and on the Atlantic coast of Erance, which has b^en 
known frohj antiquity to give benumbing shocks to any one 
who handl^Cit. It is called the When dissected, 

there areV’^i^ m it ticCorgahs, or masses of honeycomb 
'Structure;:^^^^,|j:,,one ohAlcb 'side of tbe body at its broadest 
part, or head. In an apimal 18 inches long, 12 broad, 





® ii',! rf 






and 2 thick, each organ is about 5 inches long; the breadth is* 
3 inches at the head, and at the other end half an ijjch; being, 
as it were, triangular, the narrow end pointing to the tail. 
They occupy the whole thickness of the fish from breast to 
back, as far'as they extend; they consist of a mass of x’oundish 
columns, whose direction is from breast to back, or upright 
when the fish lies flat. Each of these columns seems to be 
made up of a succession of distinguishable layers piled upon one i 
another, and separated by mucous partitions; hence it has been ^ 
supposed that tbe electricity is produced in the same manner 
as in the pile of Volta, or that the entire organ is an immense 
bundle of piles lying side by side, conspiring altogether to 
make an electric charge. The number of columns in eacl;;t. 




org^an depends on the size of the iisli; in the one whose dimen¬ 
sions are stated above, 470 were counted in each; hut as many 
aAll8S5 have been seen in a very large specimen. The number 
or distinguishable partitions in a column an inch 
loi&A|s been found to athount to 150. A very lar^e supply 
of is afforded to the organs; they ramify into eacli 

•eolumn, and are distributed^to the partitions-every partition 
receiving a nervous nlament. 

220. the back of the animal is positive, and the breast or 

belly negative, and the currents pass through the body be¬ 
tween the breast and back. On touching either side, a shock 
is received ; hut by seizing the animal, and holding it by both 
sides, a much more intense shock is felt. In a setsond or two 
after receiving one shock, the charge accumulates, and dis¬ 
charges itself again, and thus a succession of shocks may be 
given, until the strength of th& animal is exhausted. The 
electricity has to the feeling the same character as a discharge 
of very small hey den jars; the intensity is small compared 
with machine charges, bnt equal to that of a yary numerous 
voltaic pile. It is capable of magnetising of decom¬ 
posing compounds; but its quantity being these effects 

are not produced to any great extent. Its use to the animal 
seems for defence against attacks, and as an offensive weapon 
generally; instead of devouring and destroying by the teeth* 
it launches its diminutive thunderbolts upon all creatures 
that approaeb it. 

221. A second animal endowed with electrical org*ans is 
that called the Gymnotus Electricus, or electrical eel, foimd in. 
various parts of America. It was seen in great numbers^ by 
Humboldt in the swamps of the Orinoco in South America. 
Its common length is about five feet, but it often occurs much 
larger. Its shoclcs are far more formidable than the dischax’ges 
of the torpedo; men, and even horses, going into the water are 
stunned by its touch, and are frequently drowned before they 
have time to recover. The following description by Hum¬ 
boldt of the method adopted by the Indians for catching the 
gymnoti, completely illustrates their character and habits. 
They bring a troop of wild horses, and cause them to enter a 
muddy pool where tffey are contained. The extraordinary 
noise caused by the horses' hoofs makes the ffsh issue h*qm 
the mud, and excites them to combat. These yellowish and 
livid eels, resembling large aquatic serpents, swim on the sur¬ 
face of the water, and crowd under the bellies of the horses 
and mules. A contest between animals of so different an 
organisation, furnisbes a very striking spectacle- The Indians, 
provided with harpoons and long slender reeds, surround the 
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pool closely; and some climb upon the trees, the branches of 
whicla extend horizontally over the surface of the water. By 
their wild Cries, and the length of their reeds, they prevent 
the horses from running away, and reaching the banks of the 
pool. The eels, stunned by the noise, defend themsel^siy 
the repeated discharge of their electrical batteries. Di#^g a 
long time they seem to prove victorious. Several horses sSik 
beneath the violence of the invisible strokes which they receive 
from all sides on organs the most essential to life, and, stunned 
by the force and frequency of the shocks, disappear under the 
water. Others, panting, with mane erect, and haggard eyes 
expressing anguish, raise themselves, and endeavour to flee 
from the storm by which they are overtaken. They ai^e driven 
back by the Indians into the middle of the water ; but a small 
number succeed in eluding the active vigilance of the fishei-*- 
men. These regain the shore, stumbling at every step, and 
stretch themselves on the sand, exhausted with fatigue, and 
their limbs henumbed by the electric shocks of the gymnoti. 
In less than five minutes two horses were drowned. The eel 
being about five feet long, and pressing itself against the belly 
of the horses, makes a discharge along the v^hole extent of its 
electrical organ. The horses are drowned, from the impossi- 
hihty of rising amid the prolonged struggle between the other 
horses and the eels. By degrees the impetuosity of this un¬ 
equal eomhat diminished, and the weaiued gymnoti dispersed. 
They require a long rest and abundant nourishment to repair 
what they have lost of galvanic forcfe^ i: The mules and horses 
^PP®ar less frightened ; their manes are no longer bristled, 
a,nd their eyes express less dread. , The gymnoti approach 
timidly the edge of the marsh, where they are taken by 
means of small harpoons fastened to long cords. When 
the cords are very dry, the Indians feel no shock in raising 
the fish into the air. In a few minutes our party obtained 
five large eels, the greater number of which were but slightlv 
wounded.” ^ 

222. In the gymnotus the structure of the electridal organ 
is not the same as in the torpedo. It occupies nearly fom*- 
fifths pf the length of the animal, and is formed of thin plates 
lying in the direction of its length (see fig.); so that one end of 
the pile is at the tail and the other end near the head. Hence 
its shocks are most powerful when it brings both head and 
tail into contact with another animal. There are two pairs of 
organs, and their total bulk amounts to about one-third of the 
whole body of the fish. Two rows of small yellow spots are 
seen running along the back from head to tail, and every spot 
contains an opening which gives forth a mucous matter, which 
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covers the skin, and is found to be a remarkably good con¬ 
ductor of electricity. 



223. In the rivers of Africa—-in the Senegal, the Niger, and 
the'Nile—is found a third species of electrical lish, called the 
Silurus JBlectriGus. It is about twenty inches long. It is 
caught and eaten by the Egyptians. Its electrical oi’gans lie 
beneath the skin all round the animal, and are less co^apli- 
cated than in the torpedo and gymnotus. Various other elec¬ 
trical hshes have been met with. 

224. In all these animals the electrical apparatus is an addi¬ 
tion to the ordinary Vital organs, and its action is quite inde¬ 
pendent of them. It is not involved in the operations of 
digestion, circulation, dr movement; but, like all other or¬ 
gans, it is supplied with nerves from the brain. It seems 
to be under the control of the animal to about the same 
degree as its moving apparatus. Although the structure of 
the organ is somewhat similar to a voltaic arrangement, and 
the shock the same as would be felt from a battery made up 
of several hundreds of small plates in a weak solution, it 
is not completely proved that it operates on the principle of 
the pile. 

225. Aj^ai't from the possession of special apparatus, the ope¬ 
rations of the animal body are such as to evolve electricity in 
many ways. The chemical processes of digestion and x’espira- 
tion—the constant passage of heat to and fro—the mechanical 
movements—may all generate electricity. The most common 
case of the appearance of excitement in the human subject, is 
when the clothes are stripped from the skin in a very dry air. 
When silk stockings are taken off, they sometimes cause a 
crackling noise, accompanied with sparks, which may be dis¬ 
tinctly seen in the dark. If the skin and clothes are perfectly 
dry, this effect would prohahly be constant, as it is a mere 
effect of the friction. In very dry climates, where the atmo¬ 
sphere is so deficient in moisture as to keep all surfaces in a 
dry state, the observation is very familiar ; it is also observed 
in rooms heated by stoves, which have the same excessive 
desiccating tendency. 
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\ 226. Of the entire amount of dectricitY produced hy the 
interior processes of the human body’ only a small portion can 
appear in a free state on the surface J the g'reater part nnist 
be consumed ag-ain or discharged in other operations. ^In as^ 
far as the skin acqixires a charge, its, general charC^^ir 
found to be positive; but the amount differs very n^h in 
different individuals, and in the same individual at different 
times- A development of positive electricity seems to be iden¬ 
tified yith the health, vigour, and freshness of the body; for 
it diminishes, and is changed into ueg*ative, by great exertions 
and fatigue, by lassitude and cold. A sudden fit of violent 
exertion will in an instant convert the positive charge into a 
negative one. We may therefore suppose that the operations 
of nutrition are constantly generating positiye electricity, 
while exertion and the wasting operations generate nean,- 
tive^ that the nourishing proceSes are like 4e cells of tL 
voltaic pile, where, by the conmmption and chemical trans¬ 
formation of material, the excitement is produced; and the 
wasting operations like the place of action in the circuit, 
where the excitement is expended in producing effects of heat, 
decomposition, or moving power. Liebig has found that the 
juices of the flesh or muscle are constantly acid, while the 
blood in the arteries and veins circulating through the flesh 
is alkaline. But an acid and alkali, with a membrane be¬ 
tween them, are capable of causing a current, the acid being* 
positiye,^ and the alkali negative ; so that the blood would 
irom this cause have a negative charge, and the flesh a po¬ 
sitive ■ charge. : ■ ; : - . i. 

227. The effects of electricity on the animal system are as 
yet very little understood. Electric shocks have been applied 
as remedies for diseases, and have often been productive of 
^od. The chief disorder where they are found valuable is 
the^ case of paralysed limbs. By passing a long-continued 
series of discharges through a torpid arm or leg, it has often 
been restored to vigour. For this purpose the ordinary fric¬ 
tion machine has been commonly employed; but it is supposed 
that the magneto-electric machine may prove a much more 
powerful stimulant. Belief has been given also to patients 
suffering from tic. 

228. It^ may be surmised, that if the human body in its 
ordinary healthy state contains a surplus of positive electri¬ 
city, and if the earth is in general negative, there is a pro- 
pnety in keeping some insulating substance between the feet 
and the^naked gpund. We may thus assign an additional 
reason lor the disagreeable and unhealthy effects of damp 
teet; lor besides cooling down the system, the moisture will 
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conduct away the Ijody’s free electricity to the earth, and 
with this a certain portion of the vig-our of the frame. On 
%e same principle fogs, which ai'e commonly negative, hy 
e|iy^?oping the pei'son, must take away its positive electri- 
cr^;<^ their unpleasant action may in some measure be 
owaii^ to this cause. The sudden and frequent chang*es of 
the State of the atmosphere before and during a thunder¬ 
storm, are very disti’essing to many people. On fhe whole, 
therefore, it may be safely affirmed that human comfort is 
affected to a veiy considerable degree by the electrical pheno¬ 
mena of nature, 

229, The actions of vegetable life are such as cannot fail 
to be attended with the evolution of electricity. The great 
range of chemical decompositions and combinations which 
^*0 on during the growth of plants, is a sufficient cause of 
an abupdaat electrical excitement- Observations and experi¬ 
ments have shown that this actually occurs ; there is a con¬ 
stant circulation of electricity of feeble tension in living 
vegetables. But although there is too little insulation or 
resistance by bad conductors, to cause this electricity to 
assume a high inteuvsity, SO as to give shocks or sparks, the 
quantity of it may be very great, and it may Contribute^ in 
some essential ways to the maintenance of the organic life. 
If we consider that electrical currents are the means of con¬ 
veying chemical force from one place to another, we may 
easily imagine that this conveyance is sometimes necessary in 
the growth of vegetables. A certain power evolved at the 
roots in the earth, or at the leaves in the air, may be required 
in other parts of the plant. The decomposition of the seed 
may give birth to an electric current which effects important 
changes in the expanding germ. It has been found that by 
causing the seed to assume an electric state opposite to what 
it naturally assumes, its development is retarded or checked* 
Hence, on the other hand, it is perfectly credible that the 
growth pf plants may be very much quickened by communi¬ 
cating electricity to them by artificial methods. Minute and 
long-continued observation, however, is yet required to enable 
us to state with accuracy the pi^ecise functions of electrical 
excitement in organised bodies. 

230. Besides the well-known effects on the human system 
of electrical shocks, either from friction machines, from voltaic 
piles, or from magneto-electrical apparatus, a totally different 
kind of influence has for some time back been asserted to arise 
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from the action of mag-nets. This influence is said to be felt 
most intensely by persons suffering under disease of the nex’ves, 
and it is capable of producing extraordinary states of bq^ 
and mind. There is great difficulty in getting the exact-^^'^^ 
contained in observations about the human feelihgsfeirj^?^ ‘ 
cially when men's minds are excited by the sentiment the 
marvellous. But the knowledge now possessed hn the 'whole 
subject of electricity, coupled with some experiments of an 
accurate kind lately performed, enable us to make a few state-^ 
ments on this subject which will not appear inconsistent wj&h ' 
the rig‘Our of a scientific work. ^ ^ - 

231. In the first place, it is an inevitable consequence, 
Fai’aday's discovery of magneto-electricity, that a magh^^’ 
pointed to the back, the arm, the leg, or any other part di thCv 
human body containing a Gonsiderable nerve, and moved' 
along in the course of the nerve, must produce, by magneto- 
electric induction, a current of electi’icity. The effiect will be 
nearly the very same as a weak current finpa the magneto 
electric machine. The influence of a magnet thus passed up 

^|nd down over the body will be a perceptiMf, t^^^ thex*e 
#ill be imparted„a current in one direction while it is moved • 
one way, and an|ipposite current when. Itvi& inoved the other¬ 
way, and all the effects will arise which are caused by electric * 
currents in the first place, and by the frequent reversing of 
them in the second place. Any one may confirm by their 
own experience the truth of this necessary infex*ence from the 
laws of magnetic induction. In the generality of people a 
very weak magnet may produce an indubitable sensation ; and 
by using magmets of a higher power, the effect^ w^^ 
decided as to be felt by every one. ■ 

232. But it is now asserted by Baron Reichenbach (and the . 
assertion is supported by experiments of a trustworthy charac¬ 
ter), that magnets have on certain very nervous persons an 
influence of a kind totally distinct from the above. The mag- 
heto-electric induction is produced only so long as the^magnet 
is kept in motion, this being the essential condition of the 
induction. If a person pretend to feel any action from a mag¬ 
net while both he and it are at rest, it cannot be from an 
electric current, or from the proper electj'ic influence of the 
magnet. But, according to Reicnenbach, there are some in¬ 
dividuals vt^ho see on a magnet in the dark aurox'a flames 
streaming out from the poles and along the edges of the bai*. 
It has been pi’oved that this light is a real existence, and not a 
mere fancy of diseased nerves, by its acting on Daguerreotype 
plates like ordinary solar light; so that the inference is, that 
magnets ai-e actually Inminous, but witb a degree of lumi- 
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Tiosity SO very feeble, that even in pitch dark it cannot affect 
ordinary eyes. 

luminous phenomena of a magnet, it has 
^und able to act upon the system of sensitive patients in 
s Vays. The hand of the patient is said to follow it by 
a iny3erious attraction; and when the arm or any other part 
iSiStreaked with it, a sensation is produced which in one direc¬ 
tion feels cool and in the other warm; or opposite poles, 
. dr#wn in the same way, will cause opposite sensations. More- 
. 0 ?^r, by streaking^ any object, such as a glass of water, the 
patieht is aware of a change having come over it. By the 
;^^Q|jpn2bf magnets, intense pleasure or violent uneasiness may 
s^?Cdmmunicated to susceptible persons; and this effect arises 
also from the magnetism of the earth; for such persons feel a 
-degree of suffering amounting to illness when they lie in bed 
with their heads to the west and feet to the east; whereas 
they-enjoy pe in the direction of the magnetic 

meridian—-the head being to the north. 

234. But to show that this influence is not the result of the 
ordinary magn|tie property of loadstone or the electro-magnet, 
it is alleged to arise from crystals also, which have no mag- 
hetic action in generak"^ • h- crystal presents all the appearances 
^of illuminated poles, attraction for the hand, and cool and 
warm sensations, according to the pole used. It follows, 
therefore, that the power of a magnet over highly-sensitive 
people is something additional to its recognised properties, and 
common to it with crystals. 

235, A recent discovery of Faraday gives considerable sup¬ 

port to the assertion of a common influence in magnets and m 
crystals; and although it does not actually prove the state¬ 
ments of Heichenbach, it serves to take off the air of incredi¬ 
bility that might otherwise surround them. So explicit are 
Faraday s observations, that they have led him to assert the 
esdstence of 0. 7ie’W magnetic condition^ or a magnetic force 

-—that is to say, a power possessed by magnets perfectly dis¬ 
tinct from their attraction for iron. Moreover, this force is 
shown by its action on 

^ 236. When a ray of light is reflected at a certain angle 
from a mirror, it is polarised, or acquires such a property 
that a second reflection in a particular way will extinguish it. 
Light is likewise polarised by passing through certain trans¬ 
parent bodies ; and the effect always is, that after the second 
action, the ray appears Pply in one position of the second 
substance ; in other positions it is extinguished. Faraday 
employed a polarising apparatus, consisting of a mirror to 
give the first influence, and a transparent body for the second; 



so that after a I’eflectioix and a t^aiismifesion, the light was 
reduced to the state of partial appeai'ance. In the coui^se of 
the ray from the mirror to -me eye-piece the secor 
polarising" substance is called), he placed a crystal so th ^ 
ray must pass through it. ^ This crystal of itself 
polarising influence ; but if it is aiTanged so as to lie b^^een 
the poles of a powerful electeo-mag-net, when the magnet is 
rendered active, the crystal instantly becomes chargM' with 
an influence which is made known by a change in t]|e appear^ 
ance of the polarised ray afters it has passed through the eye¬ 
piece- If, before the magnetism is set on, the eye-piece ir" 
arranged that the polarised ray is visible, after'completa 
the circuit the ray is made invisible. It is not, hd 
destroyed or entirely extinguished ; for if the eye-piei3'e,'i| 
turned round somewhat to one side, it reappears. So if the ^i^e^ 
piece is first placed in the position in which the polarised :i%yj 
is extinguished, the action of the magnetism on the intervening’ 
crystal will bring it into view; and the eye-piece mu$t again 
be rot^^ order to cause the same extinction as before the 
magnetism was made active. Hence the power of a mag-^ 
netised crystal is expressed by sabring that it makes a polarised 
ray to rotate ^ iov the I’ay^s positions of appearance and dis¬ 
appearance are so far changed, that the eye-piece must b^T 
I’evolved to one side or another to bring them out. 

237. There is thus an influence possessed by magnets over 
the atoms of crystals, whereby these give a bias different frora 
their ordinary action to all rays pf light that pass through 
them. Something common must attach to, one constituent^'of 
magnetic force and one constituent of crystalline force, in 
order that the one may ovei’power or modify the other ; for ; 
forces which act and react on each other must be similar in 




kind. The crystal, while under the magnetic influence, ac¬ 
quires no attraction for iron, nor any other feature of common 
magnetism ; and therefore it is alleged with justice that a 
power altogether new and different is hei'eby made manifest. 
Thus both the results of Faraday, and the observations of 
Beichenbach, point to a power over and above common elec 
trici%', although of the true polar character; for Faraday 
found that the revei'sal of the poles of the magnet reversed 
the direction of the rotated ray: in one case the ray had to 
he sought hy revolving the eye-piece to the right; and 
with reversed poles it reappeared by revolving the eye-piece 
to the left. 

238. But Beichenhach found his new force in many other 
quarters besides magnets and crystals- It arises from the 
sun’s rays, the moon’s rays, from heat without light, from 
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fri^ion, from chemical action, and from the human hand * 
^ and It seems also present in some degree in the material world 
so that to the sensitive patient all nature is illumi- 

^ of midnight. A faint luminous 

r V; varied colours appears all over the objects of a room 
the. ^rson^ hands of human beings, and 

ovpJead bodies and recently occupied graves. On the whole. 
It IS impossible not to be struck with the connection which the 
^™gnetic^ndition h^ wmi^^^ the very dissimilar 
expeijiments of Beichenbach and Faraday. 






